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PAL Device Introduction 




The PAL® Concept 

Monolithic Memories' family of PAL devices gives 
designers a powerful tool with unique capabilities for use 
in new and existing logic designs. The PAL circuit saves 
time and money by solving many of the system partitioning 
and interface problems brought about by increases in 
semiconductor device technology. 



The designer is confronted with another problem when a 
product is designed. Often the function is well defined and 
could derive significant benefits from fabrication as an 
integrated circuit. However, the design cycle for a custom 
circuit is long and the costs can be very high. This makes 
the risk significant enough to deter most users. The tech- 
nology to support maximum flexibility combined with fast 
turnaround on custom logic has simply not been available. 
Monolithic Memories offers the programmable solution. 



Rapid advances in large-scale integration technology 
have led to larger and larger standard logic functions; 
single I.C.s now perform functions that formerly required 
complete circuit cards. While LSI offers many advan- 
tages, advances have been made at the expense of 
device flexibility. Most LSI devices still require large 
numbers of SSIIMSI devices for interfacing with user 
systems. Designers are still forced to turn to random 
logic for many applications. 



The PAL device family offers a fresh approach to using 
fuse programmable logic. PAL circuits are a conceptually 
unified group of devices which combine programmable 
flexibility with high speed and an extensive selection of 
interface options. PAL devices can lower inventory, cut 
design cycles and provide high complexity with maximum 
flexibility. These features, combined with lower package 
count and high reliability, truly make the PAL circuit a 
designer's best friend. 



PAL*. HAL* and SKINNYDIP« are registered trademarks of Monolithic Memories. 
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The PAL Circuit — Teaching Old 
PROMs New Tricks 




Monolithic Memories developed the modern PROM and intro- 
duced many of the architectures and techniques now regarded 
as industry standards. As a major PROM manufacturer, Mono- 
lithic Memories has the proven technology and high volume 
production capability required to manufacture and support the 
PAL device. 

The PAL circuit is an extension of the fusible link technology 
pioneered by Monolithic Memories for use in bipolar PROMs. 
The fusible link PROM first gave the digital systems designer the 
power to "write on silicon." In a few seconds he was able to 
transform a blank PROM from a general purpose device into one 
containing a custom algorithm, microprogram, or Boolean 
transfer function. This opened up new horizons for the use of 
PROMs in computer control stores, character generators, data 
storage tables and many other applications. The wide accep- 
tance of this technology is clearly demonstrated by today's multi- 
million dollar PROM market. 

The key to the PROM's success is that it allows the designer to 
quickly and easily customize the chip to fit his unique require- 
ments. The PAL circuit extends this programmable flexibility by 
utilizing proven link technology to implement logic functions. 
Using PAL circuits the designer can quickly and effectively 
implement custom logic varying in complexity from random 
gates to complex arithmetic functions. 



ANDs and ORs 

The PAL device implements the familiar sum of products logic 
by using a programmable AND array whose output terms feed a 



fixed OR array. Since the sum of products form can express any 
Boolean transfer function, the PAL circuit uses are only limited 
by the number of terms available in the AND - OR arrays. PAL 
devices come in different sizes to allow for effective logic 
optimization. 

Figure 1 shows the basic PAL circuit structure for a two-input, 
one-output logic segment. The general logic equation for this 
segment is: 

Output = (H+*j)(H+5Kl2+WVU) + 

where the T terms represent the state of the fusible links in the 
PAL AND array. An unblown link represents a logic 1. Thus, 

fuse blown, f = 

fuse intact, f = 1 

An unprogrammed PAL circuit has all fuses intact. 



Figure 1 



PAL Circuit Notation 

Logic equations, while convenient for small functions, rapidly 
become cumbersome in large systems. To reduce possible 
confusion, complex logic networks are generally defined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PAL logic easy to understand and use. In the 
figure, an "x" represents an intact fuse used to perform the logic 
AND function. (Note: the input terms on the common line with 
the x's are not connected together.) The logic symbology shown 
in Figure 2 has been informally adopted by integrated circuit 
manufacturers because it clearly establishes a one-to-one 
correspondence between the chip layout and the logic diagram. 
It also allows the logic diagram and truth table to be combined 
into a compact and easy to read form, thereby serving as a 
convenient shorthand for PAL circuits. The two input - one out- 
put example from Figure 1 redrawn using the new logic con- 
vention is shown in Figure 3. 
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used to store computer programs and data. In these ap- 
plications the fixed input is a computer memory address; the 
output is the contents of that memory location. 



Figure 2 
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Figure 3 



As a simple PAL logic example, consider the implementation of 
the transfer function: 

Output = 1^ + Fjl 2 

The normal combinatorial logic diagram for this function is 
shown in figure 4, with the PAL logic equivalent shown in fig- 
ure 5. 



Figure 4 
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The basic logic structure of the PLA consists of a programmable 
AND array whose outputs feed a programmable OR array 
(Figure 7). Since the designer has complete control over all in- 
puts and outputs, the PLA provides the ultimate flexibility for im- 
plementing logic functions. They are used in a wide variety of 
applications. However, this generality makes PLAs expensive, 
quite formidable to understand, and costly to program (they 
require special programmers). 



Using this logic convention it is now possible to compare the 
PAL structure to the structure of the more familiar PROM and 
PLA. The basic logic structure of a PROM consists of a fixed 
AND array whose outputs feed a programmable OR array 
(figure 6). PROMs are low-cost, easy to program, and available 
in a variety of sizes and organizations. They are most commonly 



The basic logic structure of the PAL circuit, as mentioned earlier, 
consists of a programmable AND array whose outputs feed a 
fixed OR array (Figure 8). The PAL circuit combines much of the 
flexibility of the PLA with the low cost and easy programmability 
of the PROM. Table 1 summarizes the characteristics of the 
PROM, PLA and PAL logic families. 

! 
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OUTPUT OPTIONS 


PROM 
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FPLA 
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Prog 


None 


TS, OC, Fusible Polarity 
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Prog 
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PAL Circuit 


Prog 


Fixed 
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PAL Circuit Input/Output/Function/Performance Chart 
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Table 2 

1 Simultaneous AND-OR and AND-NOR outputs 

2 Programmable active high or active low. i.e. AND-OR or AND-NOR 

3 Output can be registered or non-registered 



PAL Circuits for Every Task 

The members of the PAL family and their characteristics are 
summarized in Table 2. They are designed to cover the spectrum 
of logic functions at reduced cost and lower package count. This 
allows the designer to select the PAL circuit that best fits 
his application. PAL units come in the following basic con- 
figurations: 



Logic Arrays 

PAL logic arrays are available in sizes from 12x10 (1 2 input terms, 
10 output terms) to 20x2, with both active high and active low 
output configurations available (Figure 9). This wide variety of 
input/output formats allows the PAL device to replace many 
different sized blocks of combinatorial logic with single packages. 
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Figure 9 



Programmable I/O 

A feature of the high-end members of the PAL family is program- 
mable input/output. This allows the produt terms to directly 
control the outputs of the PAL circuit (Figure 10). One product 
term is used to enable the three-state buffer, which in turn gates 
the summation term to the output pin. The output is also fed back 



into the PAL array as an input. Thus the PAL circuit drives the I/O 
pin when the three-state gate is enabled; the I/O pin is an input to 
the PAL array when the three-state gate is disabled. This feature 
can be used to allocate available pins for I/O functions or to 
provide bidirectional output pins for operations such as shifting 
and rotating serial data. 



INPUTS, FEEDBACK AND I/O 




Figure 10 



Registered Outputs with Feedback 

Another feature of the high end members of the PAL family is 
registered data outputs with registered feedback. Each product 
term is stored into a D-type output flip-flop on the rising edge of 
the system clock (Figure 11). The Q output of the flip-flop can 
then be gated to the output pin by enabling the active low three- 
state buffer. 



INPUTS. FEEDBACK AND I/O 



In addition to being available for transmission, the Q output is 
fed back into the PAL array as an input term. This feedback 
allows the PAL circuit to "remember" the previous state, and it 
can alter its function based upon that state. This allows the 
designer to configure the PAL circuit as a state sequencer which 
can be programmed to execute such elementary functions as 
count up, count down, skip, shift, and branch. These functions 
can be executed by the registered PAL device at rates of up 
to 25 MHz. 



CLOCK OC 




Figure 11 



XOR PAL Circuits 

These PAL devices feature an exclusive OR function. The sum 
of products is segmented into two sums which are then exclusive 
ORed (XOR) at the input of the D-type flip-flop (Figure 1 2). All of 

INPUTS. FEEDBACK AND I/O 



the features of the Registered PAL circuits are included in the 
XOR PAL unit. The XOR function provides an easy implementa- 
tion of the HOLD operation used in counters and other state 
sequencers. 




Figure 12 
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Programmable Output Polarity 

The outputs can be programmed either active-low or active- 
high. This is represented by the exclusive-or gates shown in 
h igure 1 3, PAL20RA1 Logic Diagram. When the output polarity 
I use is blown, the lower input to the exclusive-or gate is high, so 
the output is active-high. Similarly, when the output polarity fuse 
is intact, the output is active-low. The programmable output 
polarity feature allows the user a higher degree of flexibility 
when writing equations. 

Programmable Clock 

One of the product lines in each group is connected to the clock. 
This provides the user with the additional flexibility of a pro- 
grammable clock, so each output can be clocked independently 
of all the others. (See Figure 13.) 



Programmable Set and Reset 

I wo product lines are dedicated to asynchronous set and reset. 
It the set product line is high, the register output becomes a logic 
1 . If the reset product line is high, the register output becomes a 
logic 0. The operation of the programmable set and reset over- 
rides the clock. (See Figure 13.) 



Individually Programmable 
Register Bypass 

II both the set and reset product lines are high, the sum-of- 
products bypasses the register and appears immediately at the 
output, thus making the output combinatorial. This allows each 
output to be configured in the registered or combinatorial mode. 
(See Figure 13.) 







Figure 13 



Product Term Sharing 

The basic configuration is sixteen product terms shared between 
two output cells. For a typical output pair, each product term can 
be used by either output; but, since product term sharing is 



exclusive, a product term can be used by only one output, not 
both. If equations call for an output pair to use the same product 
term, two product terms are generated, one for each output. This 
should be taken into account when writing equations. PAL 
assemblers configure product terms automatically. 
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Advanced PAL Circuit Features 

For1985,anumberof new features have been incorporated into 
the PAL family, including: 

• Programmable output polarity for active high or active low 



• Register preload which allows complete functional testing 

• Product term sharing*, a feature making the number of 
product terms per output user-determinable 

• Register bypass facilitating registered or combinatorial 
outputs 

• Asynchronous clocks, sets, resets and output enables 
A full description of each function is given on page 5-17. 

PAL Device Programming 

PAL devices can be programmed in most standard PROM 
programmers with the addition of a PAL personality card. The 
PAL circuit appears to the programmer as a PROM. During 
programming half of the PAL device outputs are selected for 
programming while the other outputs and the inputsare used for 
addressing. The outputs are then switched to program the other 
locations. Verification uses the same procedure with the 
programming lines held in a low state. 

PALASM Software 
(PAL Device Assembler) 

PALASM software is used to define, simulate, build and test PAL 
device units. PALASM software accepts the PAL circuit Design 
Specification as an input file. It verifies the design against an 
optional function table and generates the fuse plot which is used 
to program the PAL devices. Presently, PALASM software is 
being replaced by its successor: PALASM2 software. PALASM2 
software has added features that simplify the task of defining 
and simulating PAL Design Specifications. 



HAL® Device (Hard Array Logic) 

The HAL family is the mask-programmed version of a PAL 
circuit. The HAL circuit is to a PAL circuit just as ROM is to a 
PROM. A standard wafer is fabricated to the 6 mask. Then a 
custom metal mask is used to fabricate aluminum links for a HAL 
circuit instead of the programmable Ti-W fuse array used in a 
PAL circuit. 

The HAL device is a cost-effective solution for large quantities 
and is unique in that it is a gate array with a programmable 
prototype. 

ZHAL Device 

(Zero Power Hard Array Logic) 

ZHAL devices are functionally identical to regular HAL devices 
but with the added feature of consuming zero standby power. 
This is highly desirable in portable digital equipment and lap-top 
computers. 

PAL Circuit Technology 

PAL circuits are manufactured using the proven TTL Schottky 
bipolar Ti-W fuse process to make fusible-link PROMs. An NPN 
emitter follower array forms the programmable AND array. PNP 
inputs provide high impedance inputs (0.25 mA max) to the 
array. All outputs are standard TTL drivers with internal active 
pull-up transistors. Typical PAL circuit propagation delay time is 
less than 25 ns. 

PAL Device Data Security 

The circuitry used for programming and logic verification can be 
used at any time to determine the logic pattern stored in the PAL 
array. For security, the PAL array has a "last fuse" which can be 
blown to disable the verification logic. This provides a significant 
deterrent to potential copiers, and it can be used to effectively 
protect proprietary designs. 



Patent pending 
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The PAL device part number is unique in that the part number 
code also defines the part's logic operation. The PAL device 
parts code system is shown below. For example, a PAL14L4CN 
would be a 14 input term, 4 output term, active-low PAL with a 
commercial temperature range packaged in a 20-pin plastic dip. 

PAL16L8 -2 M J SHRP P01234 



PAL = Programmable 

Family 
HAL = Hard Array 



ARRAY INPUTS 
OUTPUT TYPE - 



= Active High 
L = Active Low 
C = Complementary 
P = Programmable Polarity 
R = Reglatered 
RA = Reglatered Asynchronous 
S « Shared 

X = Exclusive OR Registered 
A « Arithmetic Registered 



r 



BIT PATTERN NUMBER 

-OPTIONAL PROCESSING 
SHRP = Commercial 

Reliability Enhanced 
XXXX s Hl-Rel 

-PACKAGE 

N - Plastic Dip 
J = Ceramic Dip 
F - Flat Pack 
NL = Plastic Leadless 

Chip Carrier 
NS = Plastic SKINNYDIP 
JS ■ Ceramic SKINNYDIP 

Chip Carrier 
P » Pin Grid Array 



- TEMPERATURE CODE 

C = C 

M = 



NUMBER OF OUTPUTS - 

SPEED/POWER " 
A ' High Speed 
-2 - 1/2 Power 
-4 = 1/4 Power 

A-2 = High Speed and 1/2 Power 
A-4 a High Speed and 1/4 Power 



PAL Circuit Logic Symbols 

The logic symbols for each of the individual PAL devices gives a 
concise functional description of the PAL logic function. This 
symbol makes a convenient reference when selecting the PAL 
device that best fits a specific application. Figure 18 shows the 
logic symbol for a PAL10H8 gate array. 



PAL10H8 




Figure 16 



A PAL Circuit Example 

As an example of how the PAL device enables the designer to 
reduce costs and simplify logic design, consider the design of a 
simple, high-volume consumer product: an electronic dice 



volume, so it is essential that every possible production cost be 
minimized 

The electronic dice game is simply constructed using a free 
running oscillator whose output is used to drive two asyn- 
chronous modulo six counters. When the user "rolls" the dice 
(presses a button), the current state of the counters is decoded 
and latched into a display resembling the pattern seen on an 
ordinary pair of dice. 

A conventional logic diagram for the dice game is shown in 
Figure 1 5. (A detailed logic derivation is shown in the PAL device 
applications section of this handbook). It is implemented using 
standard TTL, SSI and MSI parts, with a total I.C. count of eight: 
six quad gate packages and two quad D-latches. Looks like a 
nice, clean logic design, right? Wrong!! 



A PAL Circuit Goes to the Casino 

A brief examination of Figure 16 reveals two basic facts: first, the 
circuit contains mostly simple, combinatorial logic, and second, 
it uses a clocked state transition sequence. Remembering that 
the PAL device family contains ample provision for these 
features, the PAL device catalog is consulted. The PAL16R8 has 
all the required functions, and the entire logic content of the 
circuit can be programmed into a single PAL circuit shown in 
Figure 17. 

In this example, the PAL circuit effected an eight-to-one package 
count reduction and a significant cost savings. This is typical of 
the power and cost-effective performance that the PAL family 
brings to logic design. 
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Advantages of Using PAL Circuits 




The PAL device has a unique place in the world of logic design. 
Not only does it offer many advantages over conventional logic, 
it also provides many features not found anywhere else. The PAL 

family: 

• Programmable replacement for conventional TTL logic. 

• Reduces IC inventories substantially and simplifies their 
control. 

• Reduces chip count by at least 4 to 1. 

• Expedites and simplifies prototyping and board layout. 

• Saves space with 20-pin and 24-pin SKINNYDIP® packages. 

• High speed: 15ns typical propagation delay. 

• Programmed on standard PROM programmers. 

• Programmable three-state outputs. 

• Special feature eliminates possibility of copying by 
competitors. 

All of these features combine together to lower product 
development costs and increase product cost effectiveness. The 
bottom line is that PAL units save money. 

Direct Logic Replacement 




In both new and existing designs the PAL circuit can be used to 
replace various logic functions. This allows the designer to 
optimize a circuit in many ways never before possible. The PAL 
circuit is particularly effective when used to provide interfaces 
required by many LSI functions. PAL circuit flexibility combined 
with LSI function density makes a powerful team. 



Design Flexibility 

The PAL circuit offers the systems logic designer a whole new 
world of options. Until now, the decision on logic system 
implementation was usually between SSI/MSI logic functions 
on one hand and microprocessors on the other. In many cases 
the function required is too awkward to implement the first way 
and too simple to justify the second. Now the PAL circuit offers 
the designer high functional density, high speed, and low cost. 
Even better, PAL devices come in a varity of sizes and functions, 
thereby further increasing the designer's options. 



Space Efficiency 




By allowing designers to replace many simple logic functions 
with single packages, the PAL device allows more compact P.C. 
board layouts. The PAL space-saving 20-pin and 24-pin 
"SKINNYDIP" package helps to further reduce board area while 
simplifying board layout and fabrication. This means that many 
multi-card systems can now be reduced to one or two cards, and 
that can make the difference between a profitable success or an 
expensive disaster. 



Smaller Inventory 

The PAL device family can be 
used to replace up to 90% of 
the conventional TTL family. 
This considerably lowers both 
shelving and inventory cata- 
loging requirements. Even 
better, small custom modifica- 
tions to the standard functions 
are easy for PAL device users, 
not so easy for standard TTL 
users. 




m 
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High Speed 



Secure Data 




The PAL device family runs faster or equal to the best of bipolar 
logic circuits. This makes the PAL circuit the ideal choice for 
most logical operations or control sequence which requires a 
medium complexity and high speed. Also, in many micro- 
computer systems, the PAL circuit can be used to handle high- 
speed data interfaces that are not feasible for the microprocessor 
alone. This can be used to significantly extend the capabilities of 
the low-cost, low-speed NMOS microprocessors into areas 
formerly requiring high-cost bipolar microprocessors. 

Easy Programming 

The members of the PAL device family can be quickly and easily 
programmed using standard PROM programmers. This allows 
designers to use PAL circuits with a minimum investment in 
special equipment. Many types of programmable logic, such as 
the FPLA, require an expensive, dedicated programmer. 




The PAL device verification logic can be completely disabled by 
blowing out a special "last link." This prevents the unauthorized 
copying of valuable data, and makes the PAL circuit perfect for 
use in any application where data integrity must be carefully 
guarded. 

Summary 

The PAL device family of logic devices offers designers new 
options in the implementation of sequential and combinatorial 
logic designs. The family is fast, compact, flexible, and easy to 
use in both new and existing designs. It promises to reduce costs 
in most areas of design and production with a corresponding 
increase in product profitability. 



A Great Performer/ 
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PAL16R6 Logic Symbols PAL16R6 Logic Diagram 




PAL16R6 Metalization 
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PAL® Device -Programmable Array Logic 
HAL® Device- Hard Array Logic 



Features/ Benefits 

• Reduces SSI/MSI chip count greater than 5 to 1 

• Saves space with SKINNYDIP • packages 

• Reduces IC inventories substantially 

• Expedites and simplifies prototyping and board layout 

• PALASM'" silicon compiler provides auto routing and test 



• Security fuse reduces possibility of copying by competitors 



Description 

The PAL device family utilizes an advanced Schottky TTL 
process and the Bipolar PROM fusible link technology to provide 
user programmable logic for replacing conventional SSI/MSI 
gates and flip-flops at reduced chip count. 

The HAL device family utilizes standard Low-Power Schottky 
TTL process and automated mask pattern generation directly 
from logic equations to provide a semicustom gate array for 
replacing conventional SSI/MSI gates and flip-flops at reduced 
chip count. 

There are four different speed/power families offered. Choose 
from either the standard, high-speed, half-power, or quarter- 
power family to maximize design performance. 

The PAL/HAL device family lets the systems engineer "design 
his own chip" by blowing fusible links to configure AND and OR 
gates to perform his desired logic function. Complex inter- 
connections which previously required time-consuming layout 
are thus "lifted" from PC board etch and placed on silicon where 
they can be easily modified during prototype check-out or 
production. 

The PAL device transfer function is the familiar sum of products. 
Like the PROM, the PAL device has a single array of fusible links. 
Unlike the PROM, the PAL device is a programmable AND array 
driving a fixed OR array (the PROM is a fixed AND array driving a 
programmable OR array). 

The PALdevice transfer function is the familiar sum of products. 
Like the PROM, the PAL device has a single array of fusible 
links. Unlike the PROM, the PAL device is a programmable AND 
array driving a fixed OR array (the PROM is a fixed AND array 
driving a programmable OR array). 



In addition the PAL/HAL provides these options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

• Exclusive-OR gates 

• Other options identified on page 5-17 

Unused inputs are tied directly to Vqq or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single 
input assume the logical low state. Registers consist of D-type 
flip-flops which are loaded on the low-to-high transition of the 
clock. PAL/HAL Circuit Logic Diagrams are shown with all fuses 
blown, enabling the designer to use the diagrams as coding 
sheets. 

The entire PAL device family is programmed using inexpensive 
conventional PROM programmers with appropriate personality 
and socket adapter cards. Once the PAL device is programmed 
and verified, two additional fuses may be blown to defeat verifi- 
cation. This feature gives the user a proprietary circuit which is 
very difficult to copy. 

To design a HAL device, the user first programs and debugs a 
PAL circuit using PALASM software and the "PAL DESIGN 
SPECIFICATION" standard format. This specification is sub- 
mitted to Monolithic Memories where it is computer processed 
and assigned a bit pattern number, e.g., P01234. 

Monolithic Memories will provide a PAL device sample for 
customer qualification. The user then submits a purchase order 
for a HAL device of the specified bit pattern number, e.g., 
HAL18L4 P01234. See Ordering Information below. 

Ordering Information 

PAL16L8 -2 M J SHRP P01234 



DAI - O.-^rn^mlkU 

kal - f-Togrammaoie 
HAL = Hard Array 



ARRAY INPUTS 



OUTPUT TYPE- 



Aclive 
Active Low 
Complementary 
Programmable 
Registered 

J Asynchronous 



L 

C 
P 
R 

RA 

S 

X = Exclusive OR Registered 

A = ' 



NUMBER OF OUTPUTS - 



PAL- . HAL- and SKINNYDIP" are registered trademarks of Monolithic Memories. 
PMSP and HMSP are trademarks of Monolithic Memories. 



SPEED/POWER 

A = High Speed 
2 = 1/2 Power 
-4 = 1/4 Power 

A-2 = High Speed and 1/2 Power 
A -4 = High Speed and 1/4 Power 



-BIT PATTERN NUMBER 



-OPTIONAL PROCESSING 
SHRP = 



XXXX - Hl-Rel 

-PACKAGE 

N = Plastic Dip 
J - Ceramic Dip 
F = Flat Pack 
NL = Plastic Leadless 

Chip Carrier 
NS = Plastic SKINNYDIP 
JS = Ceramic SKINNYDIP 
L = Leadless 

Chip Carrier 
P = Pin Grid Array 

- TEMPERATURE CODE 

C = 
M = 
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Register Bypass 

Outputs within a bank must either be all registered or all com- 
binatorial. Whether or not a bank of registers is bypassed 
depends on how the outputs are defined in the equations. A 
colon followed by an equal sign [;=] specifies a registered output 
with feedback which is updated after the low-to-high transition of 
the clock. An equal sign [=] defines a combinatorial output 
which bypasses the register. Registers are bypassed in banks of 
eight. Bypassing a bank of registers eliminates the feedback 
lines for those outputs. 

Output Polarity 

Output polarity is defined by comparison of the pin list and the 
equations. If the logic sense of a specific output in the pin list is 
different from the logic sense of that output as defined by its 
equation, the output is inverted or active low polarity. If the logic 
sense of a specific output in the pin list is the same as the logic 
sense of that output as defined by its equation, the output is 
active high polarity. 

Product Term Sharing 

The basic configuration is sixteen product terms shared between 
two output cells. For a typical output pair, each product term can 
be used by either output; but, since product term sharing is 
exclusive, a product term can be used by only one output, not 
both . If equations cal I for an output pai r to use the same prod uct 
term, two product terms are generated, one for each output. This 
should be taken into account when writing equations. PAL circuit 
assemblers configure product terms automatically. 

This example uses the 84-pin package. Four output equations 

Product Term Editing 

A unique feature of product term sharing is the ability to edit the 
design after the device has been programmed. Without this 
feature, a new PAL device had to be programmed if the user 
needed to change his design. Product term editing allows the 
user to delete an unwanted product term and reprogram a 
previously unused product term to the desired fuse pattern. This 
feature is made possible by the product term sharing architec- 
ture. Since each product term can be routed to either output in a 
given pair by selecting one of two steering fuses, it is possible to 
blow both of the steering fuses thereby completely disabling that 
product term. Once disabled, that product term is powered 
down, saving typically 0.25 mA. The desired change may now be 
programmed into one of the previously unused product terms 
corresponding to that output pair. Additional edits can be made 
as long as there are unused product terms for the output in 
question. 

PRESET Feature 
(PAL64R32 device only) 

Register banks of eight may be PRESET to all highs on the out- 
puts by setting the PRESET pin (PS) to a Low level. Note from the 
Logic Diagram that when the state of an output is High, the state 
of the register is Low due to the inverting tri-state buffer. 



PAL Device Testability Features 

Preload pins have been added to enable the testability of each 
state in state-machine design. Typically, fora modulo-n counter 
or a state machine there are many unreachable states for the 
registers. These states, and the logic which controls them are 
untestable without a way to "set-in" the desired starting state of 
the registers. In addition, long test sequences are sometimes 
needed to test a state machine simply to reach those starting 
states which are legal. Since complete logic verification is 
needed to ensure the proper exit from "illegal" or unused states, 
a way to enter these states must be provided. The ability to pre- 
load a given bank of registers is provided in this device. 

To use the preload feature, several steps must be followed. First, 
a high level on an assertive-low output enable pin disables the 
outputs for that bank of registers. Next, the data to be loaded is 
presented at the output pins. This data is then loaded into the 
register by placing a low level on the PRELOAD pin. PRELOAD 
is asynchronous with respect to the clock. 




Programmable Set and Reset 
(PAL20RA10only) 

In each SMAC, two product lines are dedicated to asynchronous 
set and reset. If the set product line is high, the register output 
becomes a logic 1. If the reset product line is high, the register 
output becomes a logic and the output pin a logic 1 due to 
output buffer inversion. The operation of the programmable set 
and reset overrides the clock. 

Individually Programmable 
Register Bypass (PAL20RA10 only) 

If both the set and reset product lines are high, the sum-of- 
products bypasses the register and appears immediately at the 
output, thus making the output combinatorial. This allows each 
output to be configured in the registered or combinatorial mode. 



Programmable Clock 
(PAL20RA10only) 

One of the product lines in each group is connected to the clock. 
This provides the user with the additional flexibility of a pro- 
grammable clock, so each output can be clocked independently 
of all the others. 
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Monolithic Memories 



GENERIC 
LOGIC 


PINS 


PACKAGE 


DESCRIPTION 


PART NUMBER 


STANDARD 






1/4 POWER 


10H8 


20 


N,J,F,L,NL 


Octal 10 Input And-Or 
Gate Array 


PAL10H8 
HAL10H8 




PAL10H8-2 
HAL10H8-2 




12H6 


20 


N,J,F,L,NL 


Hex 12 Input And-Or 
Gate Array 


PAL12H6 
HAL12H6 




PAL12H6-2 
HAL12H6-2 




14H4 


20 


N,J,F,L,NL 


Quad 14 Input And-Or 
Gate Array 


PAL14H4 
HAL14H4 




PAL14H4-2 
HAL14H4-2 




16H2 


20 


N,J,F,L,NL 


Dual 16 Input And-Or 
Gate Array 


PAL16H2 
HAL16H2 




PAL16H2-2 
HAL16H2-2 




16C1 


20 


N,J,F,L,NL 


16 Input And-Or/Nor 
Gate Array 


PAL16C1 
HAL16C1 




PAL16C1-2 
HAL16C1-2 




10L8 


20 


N,J,F,L,NL 


Octal 10 Input And-Or 
Invert Gate Array 


PAL10L8 
HAL10L8 




PAL10L8-2 
HAL10L8-2 




12L6 


20 


N,J,F,L,NL 


Hex 12 Input And-Or-lnvert 
Gate Array 


PAL12L6 
HAL12L6 




PAL12L6-2 
HAL12L6-2 




14L4 


20 


N,J,F,L,NL 


Quad 14 Input And-Or-lnvert 
Gate Array 


PAL14L4 
HAL14L4 




PAL14L4-2 
HAL14L4-2 




16L2 


20 


N,J,F,L,NL 


Dual 16 Input And-Or-lnvert 
Gate Array 


PAL16L2 
HAL16L2 




PAL16L2-2 
HAL16L2-2 




16L8 


20 


N,J,F,L,NL 


Octal 16 Input And-Or-lnvert 
Gate Array 


PAL16L8 
HAL16L8 


PAL16L8A 
HAL16L8A 


PAL16L8A-2 
HAL16L8A-2 


PAL16L8A-4 
HAL16L8A-4 


16R8 


20 


N,J,F,L,NL 


Octal 16 Input Registered 
And-Or Invert Gate Array 


PAL16R8 
HAL16R8 


PAL16R8A 
HAL16R8A 


PAL16R8A-2 
HAL16R8A-2 


PAL16R8A-4 
HAL16R8A-4 


16R6 


20 


N,J,F,L,NL 


Hex 16 Input Registered 
And-Or Invert Gate Array 


PAL16R6 
HAL16R6 


PAL16R6A 
HAL16R6A 


PAL16R6A-2 
HAL16R6A-2 


PAL16R6A-4 
HAL16R6A-4 


16R4 


20 


N,J,F,L,NL 


Quad 16 Input Registered 
And-Or Invert Gate Array 


PAL16R4 
HAL16R4 


PAL16R4A 
HAL16R4A 


PAL16R4A-2 
HAL16R4A-2 


PAL16R4A-4 
HAL16R4A-4 


16X4 


20 


N,J,F,L,NL 


Quad 16 Input Registered 
And-Or-Xor Invert Gate Array 


PAL16X4 
HAL16X4 








16A4 


20 


N,J,F,L,NL 


Quad 16 Input Registered 
And-Carry-Or-Xor Invert 
Gate Array 


PAL16A4 
HAI 1fiA4 








12L10 


24 (28) 


NS,JS,F,(L),(NL) 


Deca 12 Input And-Or-lnvert 
Gate Array 


PAL12L10 
HAL12L10 








14L8 


24 (28) 


NS,JS,F,(L),(NL) 


Octal 14 Input And-Or-lnvert 
Gate Array 


PAL14L8 
HAL14L8 








16L6 


24 (28) 


NS,JS,F,(L),(NL) 


Hex 16 Input And-Or-lnvert 
Gate Array 


PAL16L6 
HAL16L6 








18L4 


24 (28) 


NS,JS,F,(L),(NL) 


Quad 18 Input And-Or-lnvert 
Gate Array 


PAL18L4 
HAL18L4 








20L2 


24 (28) 


NS,JS.F,(L),(NL) 


Dual 20 Input And-Or-lnvert 
Gate Array 


PAL20L2 
HAL20L2 








20C1 


24(28) 


NS,JS,F,(L),(NL) 


20 Input And-Or/Nor 
Gate Array 


PAL20C1 
HAL20C1 








20L10 


24 (28) 


NS,JS,F,(L),(NL) 


Deca 20 Input And-Or-lnvert 
Gate Array 


PAL20L10 
HAL20L10 








20X10 


24 (28) 


NS,JS,F,(L),(NL) 


Deca 20 Input Registered 
And-Or-Xor Invert Gate Array 


PAL20X10 
HAL20X10 








20X8 


24(28) 


NS,JS,F,(L),(NL) 


Octal 20 Input Registered 
And-Or-Xor Invert Gate Array 


PAL20X8 
HAL20X8 








20X4 


24 (28) 


NS,JS,F,(L),(NL) 


Quad 20 Input Registered 
And-Or-Xor Invert Gate Array 


PAL20X4 
HAL20X4 








20L8 


24 (28) 


NS,JS,F,(L),(NL) 


Octal 20 Input And-Or-lnvert 
Gate Array 




PAL20L8A 
HAL20L8A 






20 R8 


24(28) 


NS,JS,F,(L),(NL) 


Octal 20 Input Registered 
And-Or Invert Gate Array 




PAL20R8A 
HAL20R8A 






20 R6 


24 (28) 


NS,JS,F,(L),(NL) 


Hex 20 Input Registered 
And-Or Invert Gate Array 




PAL20R6A 
HAL20R6A 






20R4 


24(28) 


NS,JS,F,(L),(NL) 


Quad 20 Input Registered 
And-Or Invert Gate Array 




PAL20R4A 
HAL20R4A 







( ) . Military Product Standard. 




20/24-Pin PAL/ HAL Device 



PAL Device input/ Output/ Function/ Performance Chart 



GENERIC 


PINS 


PACKAGE 


DESCRIPTION 


PART NUMBER 


LOGIC 


STANDARD 


HIGH SPEED 


1/2 POWER 


1/4 POWER 


*16P8 


20 


N,J,L,NL 


Octal 16 Input And-Or 
Array w/Programmable 
Polarity 




OA 1 1 CDD A 

HAL loHoA 
HAL16P8A 






*16RP8 


20 


N,J,L,NL 


Octal 16 Input Registered 
And-Or Array 
w/Programmable Polarity 




PAL16RP8A 
HAL16RP8A 






*16RP6 


20 




Hex 16 Input Registered 
And-Or Array 
w/Programmable Polarity 




PAL16RP6A 
HAL16RP6A 






*16RP4 


20 


N,J,L,NL 


Quad 16 Input Registered 
And-Or Array 
w/Programmable Polarity 




PAL16RP4A 
HAL16RP4A 






20S10 


24 (28) 


N,J,W,(L),(NL) 


Deca 20 Input And-Or Array 

w / nuuuLi id hi oi i a 1 1 1 1 y 




PAL20S10 
HAL20S10 








24 (28) 


M I W t\ \ /Ml \ 


Deca 20 Input Registered 

Ml 1 U 1 Ml lay 

w/Product Term Sharing 




PAL20RS10 
HAL20RS10 






20RS8 


94 t9R\ 


N IWfM INI 1 


Octal 20 Input Registered 

nllU Ul /Allay 

w/Product Term Sharing 




PAL20RS8 
HAL20RS8 






20RS4 


24 (28) 


N,J,W,(L),(NL) 


Quad 20 Input Registered 
And-Or Array 
w/Product Term Sharing 




PAL20RS4 
HAL20RS4 






20RA10 


24 (28) 


N,J,W,(L),(NL) 


Deca 20 Input Registered 
Asynchronous And-Or Array 




PAL20RA10 
HAL20RA10 






32R16 


40 (44) 


N,J,(L),(NL) 


16 Output, 32 Input 
Registered And-Or 
Gate Array 




PAL32R16 
HAL32R16 






64R32 


84 (88) 


L,(P) 


32 Output, 64 Input 
Registered And-Or 
Gate Array 




PAL64R32 
HAL64R32 







* Contact Factory for Flat Pack 




PAL/HAL Device 



Absolute Maximum Ratings Operating Programming 

Supply Voltage. V cc -0.5V to 7.0V -0.5V to 12.0V 

Input Voltage -1.5V to 5.5V -1.0 to 22V 

Off-state output Voltage 5.5V 12.0V 

Storage temperature -65° to +150°C 



Schematic of Inputs and Outputs Test Load 




Typical notes for all the following specifications (pages 7-22 — 7-30) 

Notes: Apply to electrical and switching characteristics 

t I/O pin leakage is the worst case of Iqzx or ■ IX e -9' 'lL and 'OZH- 

* These are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or 
tester noise. Do not attempt to test these values without suitable equipment. 

* * Only one output shorted at a time. 
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24-Pin PAL/HAL Device 



12L10 




24-Pin PAL/HAL Device 
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Monolithic 
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MegaPAL Device 



e- 

E- 
E- 
E- 
E- 
E- 
E- 
E- 
E- 

:[7o 

E- 
E- 
E- 
E- 
E- 
1- 
E- 
E- 
E- 
E- 



32R16 
— s-» — 



OUTPUT 
CELLS 



AND-OPi 
ARRAY 

8K 
FUSES 



OUTPUT 
CELLS OE2|5 



- 39] 
1 

E 

-33 

E 

-E 
-3 
1 
-3 

m]gnd 

E 

- 28] 

m 

-e 

E 
E 
E 
E 
E 



64R32 

Rnmfnninmni^mnBEiiaiaiaHiiiaiaEii 



E < 



AND- OH 
ARRAY 

32 X FUSES 



INPUT DRIVERS 



-a 
-3 



9 



-g 
-g 
1—3 

— a 

-g 
-g 

— M 



32R16 







E 




E 




E 




E 




vcc[u 




E 




E 




E 




E 




E 




E 





mmmmmrriEniginHEinoi 



OE1 


OUTPUT 
CELLS 


< 
PL1 




AND-OR 






ARRAY 






8 K FUSES 




PL2 
> 


OUTPUT 
CELLS 


OE2 



3T 



39] 

ID 

U 

-a 

-3 
^Jgno 

-g 

1 



2-12 



Standard PAL/HAL Device Series 20 
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 

= 



Operating Conditions 



! 


SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V C C 


Supply voltage 


4.5 5 5.5 


4 75 5 5.25 


V 


T A 


Operating free-air temperature 


-55 


75 


°C 


T C 


Operating case temperature 


125 




°c 


Electrical Characteristics over operating conditions 




SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L* 


Low-level input voltage 




0.8 


V 


V|H* 


High-level input voltage 




2 


V 




V IC 


Input clamp voltage 


V cc = MIN I, = -18mA 


-0.8 -1 .5 


V 




la. 


Low-level input current 


VCC = MAX v | = 0.4V 


-0.02 -0.25 


mA 




'IH 


High-level input current 


V cc i MAX V, = 24V 


25 


//A 




»l 


Maximum input current 


VCC = MAX V | = 5 5V 


1 


mA 




vol 


Low-level output voltage 




V CC = MIN 


MIL l OL = 8mA 
COM Iql " 8mA 


0.3 05 


V 




V H 


High-level output voltage 


V cc - MIN 


MIL l OH = -2mA 
COM l QH = -32mA 


2.4 2.8 


V 




'OS 


Output short-circuit current** 


VCC = 5V V Q = OV 


-30 -70 -130 


mA 


ice 


Supply current 


V cc = MAX 


55 90 


mA 



Switching Characteristics 



SYMBOL 




PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


*PD 


Input or feed- 


Except 16C1 


R1 = 56011 


25 45 


25 35 


ns 


back to output 


16C1 


R2 = 1.1kfl 


25 45 


25 40 

























Fast Series 24A 
20L8A, 20R8A, 20R6A, 20R4A 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




«w 


Width of clock 


Low 


20 7 


15 7 


ns 


High 


20 7 


15 7 




'su 


Set up time from 

input or feedback to clock 


20R8A 20R6A 20R4A 


30 15 


25 15 


ns 


<h 


Hold time 


-10 


-10 


ns 




Operating free-air temperature 


-55 


75 


°C 




Operating case temperature 


125 




°C 


Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L* 


Low-level input voltage 




0.8 


V 


V|H* 


High-level input voltage 




2 


V 


yie 


Input clamp voltage 


V cc = MIN I, = -18mA 


-0.8 -1.5 


V 


!lL 


Low-level input current f 


V CC = MAX V, = 0.4V 


-0.02 -0.25 


mA 


'IH 


High-level input current f 


V CC = MAX V l = 24V 


25 


/JA 


"l 


Maximum input current 


V cc = MAX V, = 5.5V 


1 


mA 




vol 


Low-level output voltage 


V cc = MIN 


MIL | QL = 12mA 
COM l OL = 24mA 


0.3 05 


V 




V H 


High-level output voltage 


V CC = MIN 


MIL l OH = -2mA 
COM I oh - -3.2mA 


2.4 2.8 


V 


'OZL 


Off-state output current f 


V CC = MAX 


V D = 0.4V 


-100 




*OZH 


Vq = 2.4V 


100 


HA 


'OS 


Output short-circuit current** 


V C C = 5V V = 0V 


-30 -90 -130 


mA 


'cc 


Supply current 


v cc = MAX 


160 210 


mA 



Switching Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


»PD 


Input or feed- 
back to output 


20R6A 20R4A 20L8A 




15 


30 


15 


25 


ns 


l CLK 


Clock to output or feedback 




10 


20 


10 


15 


ns 


( PZX 


Pin 13 to output enable except 20L8A 




10 


25 


10 


20 


ns 


'PXZ 


Pin 13 to output disable except 20L8A 


R-l = 200n 
R 2 = 3900 


11 


25 


11 


20 


ns 


ipzx 


Input to 
output enable 


20R6A 20R4A 20L8A 


10 


30 


10 


25 


ns 


'PXZ 


Input to 
output disable 


20R6A 20R4A 20L8A 




13 


30 


13 


25 


ns 


'max 


Maximum 
frequency 


20R8A 20R6A 20R4A 




20 40 


28.5 40 


MHz 
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Standard PAL/HAL Device Series 24 
1 2L1 0, 1 4L8, 1 6L6, 1 8L4, 20L2, 20C1 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


v C c 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 


75 


•c 




Operating case temperature 


125 




°c 


Electrical Characteristics over operating condition* 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vii * 


I hw-IpvpI inmit vrltanp 






V 


V|H* 


High-level input voltage 




2 


V 


Vig 


Input clamp voltage 


V cc = MIN I, = -18mA 


-0.8 -1.5 


V 


l|L 


Low-level input current 


Vcc = MAX v l = 04V 


-0.02 -0.25 


mA 


l|H 


High-level input current 


V cc = MAX V, = 2.4V 


25 


pA 


'l 


Maximum input current 


V cc = MAX V, = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


V cc = MIN 


MIL l 0[ _ = 8mA 


0.3 05 


V 


COM Iql = 8mA 


v h 


High-level output voltage 


V cc = MIN 


MIL l OH = -2mA 


24 2.8 


V 


COM l OH = -32mA 


'OS 


Output short-circuit current** 


V C C = 5V V Q = OV 


-30 -70 -130 


mA 


'cc 


Supply current 


V cc = MAX 


60 100 


mA 



Switching Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




Input or feedback to output 


R1 = 560!! 
R2 = 1.1W1 


25 45 


25 40 


ns 



Monolithic FJHIl Memories 
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Standard PAL/ HAL Device Ser 


M 20 








v cc 


Supply voltage 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 




Width of clock 


Low 


25 


10 




25 


10 




ns 



High 


25 


10 




25 


10 






Set up time from 


16R8 16R6 16R4 


45 


25 




35 


25 




ns 


l su 


input or feedback to clock 


16X4 16A4 


55 


30 




45 


30 




t h 


Hold time 





-15 







-15 




ns 


T A 


Operating free-air temperature 


-55 











75 


°C 




Operating case temperature 







125 




°C 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L* 


Low-level input voltage 




08 


V 


V|H* 


High-level input voltage 




2 


V 






Input clamp voltage 


V cc = MIN I, = -18mA 


-0 8 -15 


V 




'IL 


Low-level input current t 


V cc = MAX V, = 0.4V 


-0.02 -0.25 


mA 


',H 


High-level input current t 


V cc = MAX V, = 24V 


25 


»A 


'I 


Maximum input current 


V CC = MAX V, = 5 5V 


1 


mA 


vol 


Low-level output voltage 


V CC = MIN 


MIL l 0L = 12mA 


0.3 05 


V 


COM l 0L = 24mA 






High-level output voltage 


V cc = MIN 


MIL l OH = -2mA 


24 2.8 


V 


COM l QH = -3.2mA 


'OZL 


Off-state output current t 


V CC = MAX 


V « 0.4V 


-100 


fjA 


'OZH 


Vq = 2.4V 


100 


„A 


'OS 


Output short-circuit current** 


V CC = 5V Vq = 0V 


-30 -70 -130 


mA 


'cc 


Supply current 


V CC = MAX 


16R4 16R6 16R8 16L8 


120 180 


mA 


16X4 


160 225 


16A4 


170 240 



Switching Characteristics Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MIN 


MILITARY 
TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


<PD 


Input or feed- 


16R6 16R4 16L8 






25 


45 




25 


35 


ns 


back to output 


16X4 16A4 






30 


45 




30 


40 


ns 


'CLK 


Clock to output or feedback 






15 


25 




15 


25 


ns 


*PZX 


Pin 11 to output enable except 16L8 






15 


25 




15 


25 


ns 


*PXZ 


Pin 11 to outout disable except 16L8 


R-, " 200fl 
R 2 = 390n 




15 


25 




15 


25 


ns 


'PZX 


Input to 


16R6 16R4 16L8 




25 


45 




25 


35 


ns 


output enable 


16X4 16A4 




30 


45 




30 


40 


ns 


<PXZ 


Input to 


16R6 16R4 16L8 






25 


45 




25 


35 


ns 


output disable 


16X4 16A4 






30 


45 




30 


40 


ns 


'MAX 


Maximum 


16R8 16R6 16R4 




14 


25 




16 


25 




MHz 


frequency 


16X4 16A4 




12 


22 




14 


22 





Monolithic KIM Memories 



Standard PAL/HAL Device Series 24 
20X1 0, 20X8, 20X4, 20L1 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




v C c 


Supply voltage 


t.D O D-D 


I /O D J £0 


w 
V 




<w 


Width of clock 


Low 


40 20 


35 20 


ns 


High 


30 10 


25 10 


'su 


Set up time from 

input or feedback to clock 




60 38 


50 38 


ns 


<h 


Hold time 


-15 


-15 


ns 


T A 


Operating free-air temperature 


-55 


75 


•c 


T C 


Operating case temperature 


125 




°c 


Electrical Characteristics over operating conditions 


SYMBOL 








TEST CONDITIONS 


■ ■ 1 k| Tun UAV 

MIN 1 T r MAX 


UNI 1 




V IL* 


Low-level input voltage 






08 


V 




V| H * 


High-level input voltage 




2 


V 




Vic 


Input clamp voltage 


V cc = MIN I, > -18mA 


-0.8 -1.5 


V 




'IL 


Low-level input current f 


V cc = MAX V| = 04V 


-0.02 -0 25 


mA 




l|H 


High-level input current f 


V cc = MAX V, = 24V 


25 






l| 


Maximum input current 


V cc = MAX V, = 5.5V 


1 


mA 




v OL 


Low-level output voltage 


V cc = MIN 


MIL l OL = 12mA 


0.3 0.5 


V 


COM l OL = 24mA 




V H 


High-level output voltage 


V CC = MIN 


MIL l OH = -2mA 


24 2.8 


V 


COM Iqh - -3.2mA 




'OZL 


Off-state output current t 


Vcc = MAX 


V Q = 04V 


-100 


fA 




'OZH 


Vq = 2.4V 


100 


M 




'OS 


Output short-circuit current * * 


V C C = 5V Vq = 0V 


-30 -70 -130 


mA 




'cc 


Supply current 


V cc = MAX 20X10 20X8 20X4 


120 180 


mA 




'cc 


Supply current 


V cc = MAX 20L10 


90 165 


mA 


Switching Characteristics over operating conditions 


j 


SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




l PD 


Input or feedback to output 


R-, = 2000 
R 2 = 3900 


35 60 


35 50 


ns 




'CLK 


Clock to output or feedback 


20 35 


20 30 


ns 


l PXZ/ZX 


Pin 13 to output disable/enable except 20L10 


20 45 


20 35 


ns 


'pzx 


Input to output enable except 20X10 


35 55 


35 45 


ns 




•pxz 


Input to output disable except 20X10 


35 55 


35 45 


ns 




'max 


Maximum frequency 


10.5 16 


12.5 16 


MHz 



Monolithic $M Memories 



2-17 



Fast PAL/ HAL Device Series 20 A, 20 AP 
16L8A, 16R8A, 16R6A, 16R4A, 16P8A, 16RP8A, 16RP6A, 16RP4A 



Operating Conditions 



s 


YMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


v C c 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




>w 


Width of clock 


Low 


20 10 


15 10 


ns 


High 


20 10 


15 10 




'su 


Set up time from 

input or feedback to clock 


16R8A 16R6A 16R4A 
16RP8A 16RP6A 16RP4A 


30 15 


25 15 


ns 


<h 


Hold time 


-10 


-10 


ns 




Operating free-air temperature 


-55 


75 


°C 




Operating case temperature 


125 




°C 


Electrical Characteristics over operating condition* 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V IL* 


Low-level input voltage 




08 


V 


V|H* 


High-level input voltage 




2 


V 


V| C 


Input clamp voltage 


V cc « MIN I, = -18mA 


-0.8 -1.5 


V 


IlL 


Low-level input current f 


V cc = MAX V, = 0.4V 


-0 02 -0 25 


mA 


!lH 


High-level input current f 


V cc = MAX V, * 2.4V 


25 


^A 


't 


Maximum input current 


V CC « MAX V, = 5.5V 


1 


mA 




vol 


Low-level output voltage 


V CC = MIN 


MIL l OL = 12mA 


03 05 


V 


COM Iql " 24mA 




v h 


High-level output voltage 


V CC = MIN 


MIL l OH = -2mA 


24 28 


V 




COM l QH = -3.2mA 




'OZL 


Off-state output current f 




V Q - 0.4V 



-100 


„A 


'OZH 


Vqq = MAX 


V Q = 2.4V 


100 


»A 


'OS 


Output short-circuit current** 


VCC = 5V V Q = OV 


-30 -70 -130 


mA 


'cc 


Supply current 


V cc = MAX 120 180 


mA 



Switching Characteristics Over Operating 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


*PD 


Input or feed- 
back to output 


16R6A 16R4A 16L8A 
16RP6A 16RP4A 16P8A 




15 


30 




15 


25 


ns 


*CLK 


Clock to output or feedback 




10 


20 




10 


15 


ns 


<PZX 


Pin 11 to output enable except 16L8A 16P8A 




10 


25 




10 


20 


ns 


'PXZ 


Pin 11 to output disable except 16L8A 16P8A 


Rl - 2000 
R 2 = 39011 


11 


25 




11 


20 


ns 


*PZX 


Input to 
output enable 


16R6A 16R4A 16L8A 
16RP6A16RP4A16P8A 


10 


30 




10 


25 


ns 


'PXZ 


Input to 
output disable 


16R6A16R4A16L8A 
16RP6A 16RP4A 16P8A 




13 


30 




13 


25 


ns 


'max 


Maximum 
frequency 


16R8A 16R6A 16R4A 
16RP8A 16RP6A 16RP4A 




20 40 


28.5 


40 




MHz 



2-18 



Monolithic OUaH Memories 



Half-Power Series 20-2 
10H8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2, 14L4-2, 16L2-2 



Operating Conditions 



s 


YMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




V CC 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 






Operating free-air temperature 


-55 125 


75 


"C 


Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 




V |L * 


Low-level input voltage 




08 


V 




V|H* 


High-level input voltage 




2 


V 




V| C 


Input clamp voltage 


V CC = MIN 1, = -18mA 


-0.8 -1.5 


V 




l|L 


Low-level input current 


Vcc = MAX v l = 04V 


-0.02 -0.25 


mA 




»TH 


High-level input current 


V CC = MAX v l * 24V 


25 




[| 


Maximum input current 


V cc = MAX V, = 55V 


1 


mA 




Vol 


Low-level output voltage 


V cc = MIN 


MIL | QL 4 4mA 


0.3 05 


V 


COM Iql = 4mA 




Voh 


High-level output voltage 


V CC = MIN 


MIL Iqh = "1mA 


2.4 2.8 


V 


COM l OH = -1mA 




'OS 


Output short-circuit current** 


V CC = 5V V Q = OV 


-30 -70 -130 


mA 




'cc 


Supply current 


V CC = MAX 


30 45 


mA 


Switching Characteristics over operating conditions 




SYMBOL 


PARAMETER 


TEST 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


tpo 


Input or feedback to output 


R1 = 1.12kn 
R2 = 2.2kn 


45 80 


45 60 


ns 



Monolithic W Memories 
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Half-Power Series 20A-2 
16L8A-2, 16R8A-2, 16R6A-2, 16R4A-2 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


v cc 


Supply voltage 


4.5 


5 


5.5 


475 


5 


5.25 


V 


«w 


Width of clock 


Low 


25 


10 




25 


10 




ns 


High 


25 


10 




25 


10 




•su 


Set up time from 

input or feedback to clock 


16R6A-2 16R4A-2 16R6A-2 


50 


25 




35 


25 




ns 


<h 


Hold time 





-15 







-15 




ns 


T A 


Operating free-air temperature 


-55 




125 







75 


°C 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 




V| L * 


Low-level input voltage 




08 


V 




V|H* 


High-level input voltage 




2 


V 




V| C 


Input clamp voltage 


V cc = MIN I, = -18mA 


-0.8 -1.5 


V 




' IL 


Low-level input current f 


V cc = MAX V, = 4V 


-0.02 -0.25 


mA 




'IH 


High-level input current t 


V cc = MAX V, = 24V 


25 


/JA 




'l 


Maximum input current 


V cc = MAX V, = 55V 


1 


mA 




Vol 


Low-level output voltage 


V cc = MIN 


MIL l 0L = 12mA 


0.3 05 


V 


COM Iql = 24mA 




v h 


High-level output voltage 


V cc = MIN 


MIL l OH = -2mA 


2.4 2.8 


V 


COM l OH = -3.2mA 




'OZL 


Off-state output current t 


V CC = MAX 


V Q = 0.4V 


-100 


ft* 




'OZH 


V Q = 24V 


100 


^^ 




'OS 


Output short-circuit current** 


V CC = 5V V Q = 0V 


-30 -70 -130 


mA 




'cc 


Supply current 


v cc = MAX 


60 90 


mA 


s 


witching Characteristics over operating conditions 


= 


SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


tpo 


Input or feed- 
back to output 


16L8A-2 16R6A-2 16R4A-2 


R-, = 2oon 

R 2 = 390fl 


25 50 


25 35 


ns 


l CLK 


Clock to output or feedback 


15 25 


15 25 


ns 


tpxz/zx 


Pin 11 to output disable/enable except 16L8A-2 


15 25 


15 25 


ns 


'PZX 


Input to 
output enable 


16L8A-2 16R6A-2 16R4A-2 


25 45 


25 35 


ns 




( PXZ 


Input to 
output disable 


16R8A-216R6A-2 16R4A-2 


25 45 


25 35 


ns 




'max 


Maximum 
frequency 


16R8A-2 16R6A-2 16R4A-2 


14 25 


16 25 


MHz 
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Quarter-Power Series 20A-4 
16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


v cc 


Supply voltage 


4.5 


5 


5.5 


4.75 


5 5.25 


V 


'w 


Width of clock 


16R8A-4 16R6A-4 16R4A-4 


Low 


40 


20 




30 


20 


ns 


High 


40 


20 




30 


20 


*su 


Set up time from 

input or feedback to clock 


16R8A-4 16R6A-4 16R4A-4 


90 


45 




60 


45 


ns 


«h 


Hold time 





-15 







-15 


ns 




Operating free-air temperature 


—55 




125 





75 


°C 



Electrical Characteristics over operating condition* 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L* 


Low-level input voltage 




08 


V 


V|H* 


High-level input voltage 




2 


V 


V| C 


Input clamp voltage 


V CC = MIN l t = -18mA 


-0.8 -1.5 


V 


IlL 


Low-level input current f 


V cc = MAX V| = 0.4V 


-0.02 -0 25 


mA 


l|H 


High-level input current f 


Vcc = MAX V l = 24V 


25 




l| 


Maximum input current 


V CC = MAX v l = 55V 


1 


mA 


vol 


Low-level output voltage 


V CC = MIN 


MIL Iql = 4mA 
COM Iql = 8mA 


0.3 05 


V 




High-level output voltage 


V CC = MIN 


MIL Iqh = ~ 1mA 
COM l 0H =-1 mA 


24 2.8 


V 


'OZL 


Off-state output currentf 


V CC = MAX 


V Q = 0.4V 


-100 


V* 


'OZH 


V D = 2.4V 


100 


MA 


'OS 


Output short-circuit current** 


V CC = 5V V = 0V 


-30 -70 -130 


mA 


ice 


Supply current 


V cc = MAX 16R4A-4 16R6A-4 16R8A-4 16L8A-4 


30 50 


mA 


Switching Characteristics over operating conditions 




SYMBOL 


PARAMETER 


TEST 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


( PD 


Input or feed- 
back to output 


16R6A-4 16R4A-4 16L8A-1 


=^^=^^^= 

Rl = 800H 
R 2 = 156kH 


35 75 


35 55 


ns 


l CLK 


Clock to output or feedback 


20 45 


20 35 


ns 


'PXZ/ZX 


Pin 11 to outputdisable/enable— except 16L8A-4 


15 40 


15 30 


ns 


<PZX 


Input to 
output enable 


16R6A-4 16R4A-4 16L8A-4 


30 65 


30 50 


ns 


'PXZ 


Input to 
output disable 


16R6A-4 16R4A-4 16L8A-4 


30 65 


30 50 


ns 


f MAX 


Maximum 
frequency 


16R8A-4 16R6A-4 16R4A-4 


8 18 


11 18 


MHz 



Monolithic ESS Memories 
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SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


v cc 


Supply voltage 


4.5 


5 5.5 


4.75 


5 


5.25 


V 


l w 


Width of clock 


25 


13 


20 


13 




ns 


'wp 


Preload pulse width 


45 


15 


35 


15 




ns 


l su 


Setup time tor input or feedback to clock 


25 


10 


20 


10 




ns 


tsup 


Preload setup time 


30 


5 


25 


5 




ns 


th 


Hold time 


Polarity fuse intact 


10 


-2 


10 


-2 




ns 


Polarity fuse blown 





-6 





-6 




thp 


Preload hold time 


30 


5 


25 


5 




ns 


T A 


Operating free-air temperature 


-55 







75 


°C 


T C 


Operating case temperature 


125 




°C 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITION 




MIN 


TYP 


MAX 


UNIT 


V|L* 


Low-level input voltage 




0.8 


V 


V|H* 


High-level input voltage 




2 


V 


V| C 


Input clamp voltage 


V cc = MIN 


l| = -18mA 






-0.8 


-1.5 


V 


'IL 


Low-level input current 


V cc = MAX 


V, = 0.4 V 






-0.02 


-0.25 


mA 


f|H 


High-level input current 


V CC = MAX 


V| = 2.4 V 


25 


MA 


h 


Maximum input current 


V CC = MAX 


V| = 5.5 V 


1 


mA 


vol 


Low-level output voltage 


V cc = MIN 


Iq|_ = 8 mA 






0.3 


0.5 


V 


v h 


High-level output voltage 


V cc = MIN 


Iqh : Mi| - 2 mA 


Com-3.2 mA 




2.4 


2.8 




V 


'oz 


Off-state output current 


Vqc = MAX 


V Q = 2.4 V/V c 


= 0.4 V 




-100 




100 


MA 


'os 


Output short-circuit current** 


V CC = 5V 


V o = 0V 




-30 


-70 


-130 


mA 


'cc 


Supply current 


V CC = MAX 






155 


200 


mA 


Switching Characteristics over operating conditions 














SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


l PD 


Input or feedback to output 


Polarity fuse intact 




20 35 




20 


30 


ns 


Polarity fuse blown 




25 40 




25 


35 


'CLK 


Clock to output or feedback 




10 17 35 


10 


17 


30 


ns 


>s 


Input to asynchronous set 




22 40 




22 


35 


ns 


«R 


Input to asynchronous reset 


R-| = 560 n 

r 2 = 1.1 Kn 


27 45 




27 


40 


ns 


l PZX 


Pin 13 to output enable 


10 25 




10 


20 


ns 


<PXZ 


Pin 13 to output disable 


10 25 




10 


20 


ns 


<PZX 


Input to output enable 




18 35 




18 


30 


ns 


l PXZ 


Input to output disable 




15 35 




15 


30 


ns 


♦max 


Maximum frequency 




16 35 


20 


35 




MHz 
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SERIES 24RS, 20S10, 20RS10, 20RS8, 20RS4 



Operating Conditions 



PVIIDAI 

SYMBOL 


PARAMETER 




MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


1 1 WIT 

UNI 1 


v C c 


Supply voltage 


4.5 


5 5.5 


4.75 


5 


5.25 


V 


»w 


Width of clock 


Low 


20 


10 


15 


10 




ns 


High 




20 


10 


15 


10 




'su 


Setup time from input 
or feedback to clock 


20RS10 

20RS8 

20RS4 




40 


25 


35 


25 




ns 


«h 


Hold time 










-10 





-10 




ns 


T A 


Operating free-air temperature 


-55 







75 


°C 




T C 


Operating case temperature 




125 


i 


°C 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN TYP MAX 


UNIT 


V,L* 


Low-level input voltage 




0.8 


V 


V|H* 


High-level input voltage 




2 


V 


% 


Input clamp voltage 


Vcc - MIN 


l| = -18mA 


-0.8 -1.5 


V 


>IL 


Low-level input current f 


Vcc = MAX 


V, = 0.4 V 


-0.02 -0.25 


mA 


>iH 


High-level input current f 


v cc = MAX 


V, = 2.4 V 


25 


mA 


"l 


Maximum input current 


v cc MAX 


V, = 5.5 V 


1 


mA 






Low-level output voltage 


V cc = MIN 


MIL 


Iq l = 12 mA 


0.3 0.5 


V 


COM 


'OL = 24 mA 


















Vqh 


High-level output voltage 


V CC = MIN 


MIL 


l 0H = -2 mA 


2.4 2.8 


V 


COM 


'oh = ~ 3 - 2 mA 


'OZL 


Off-state output currentt 


v cc ; MAX 


Vq =0.4V 


-100 


ma 


'OZH 


v OL - 2 4 mA 


100 


'OS 


Output short-circuit current** 


V C C " 5V 


v Q =ov 


-30 -70 -130 


mA 


'cc 


Supply current 


V CC = MAX 


175 240 


mA 


Switching Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




l PD 


20S10, 20RS8, 20RS4 
Input or feedback to 
output 


Polarity fuse intact 


R-, = 200 n 
R 2 - 390 Kn 


25 40 


25 35 


ns 


Polarity fuse blown 


30 45 


30 40 




{ CLK 


Clock to output or feedback 


12 20 


12 17 


ns 


l PZX 


Pin 13 to output enable except 20S10 


10 25 


10 20 


ns 


l PXZ 


Pin 13 to output disable except 20S10 


11 25 


11 20 


ns 


tpzx 


Input to 
output enable 


20S10, 20RS8, 
20RS4 


25 35 


25 35 


ns 


l PXZ 


Input to 
output disable 


20S10, 20RS8 
20RP4 


13 25 


13 25 


ns 




'max 


20RS10, 20RS8, 20RS4 
Maximum frequency 




18 28 


20 28 


MHz 
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PAL32R16 HAL 32R16 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


w 


Width of clock 


Low 


25 


20 


ns 


High 


25 


20 


*wp 


Preload pulse width 


45 


35 


ns 


•su 


Setup time for input to clock 


Polarity fuse intact 


50 


40 


ns 


Polarity fuse blown 


50 


40 


l sup 


Preload setup time 


30 


25 


ns 


<h 


Hold time 


-10 


-10 


ns 


•hp 


Preload hold time 


10 




ns 


T A 


Operating free-air temperature 


-55 


75 


°C 


T C 


Operating case temperature 


125 




°C 


Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITION 


MIN TYP MAX 


UNIT 


V| L * 


Low-level input voltage 




0.8 


V 


V| H * 


High-level input voltage 




2 


V 


V| C 


Input clamp voltage 


V cc = MIN I, = -18 mA 


-0.8 -1.5 


V 


k 


Low-level input current 


V cc = MAX V, = 0.4 V 


-0.02 -0.25 


mA 


>IH 


High-level input current 


V cc = MAX V, = 2.4 V 


25 


MA 


'i 


Maximum input current 


V CC = MAX V, = 5.5 V 


1 


mA 


vol 


Low-level output voltage 


V C C - MIN 


MIL l OL =8mA 
COM Icl = 8 mA 


0.3 0.5 


V 


Voh 


High-level output voltage 


V C c= MIN 


MIL l OH = -2mA 
COM loH = - 3 - 2mA 


2.4 2.8 


V 














'OZL 


Off-state output current 


v cc = MAX 


V Q =0.4V 


-100 


xA 


'OZH 


V Q =2.4V 


100 


„A 


'OS 


Output short-circuit current** 


Vcc = MAX V D = V 



-30 -70 -130 


mA 


ice 


Supply current 


v cc = MAX 


200 280 


mA 



Switching Characteristics over operating condition* 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


*PD 


Input to output 


Polarity fuse intact 


Rl = 560 n 

R 2 = 11 Kn 


50 


40 


ns 


Polarity fuse blown 


55 


45 


'CLK 


Clock to output or feedback 


30 


25 


ns 


l PZX 


Output enable 


25 


20 


ns 


«PXZ 


Output disable 


25 


20 


ns 


'max 


Maximum frequency 


14 


16 


MHz 
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PAL/HAL64R32 



Operating Conditions 



9 ■ (VI DUL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


v cc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


l w 


Width of clock 


Low 


25 


20 


ns 


High 




l su 


Setup time for input to clock 


Polarity fuse intact 


50 


40 


ns 


Polarity fuse blown 




<h 


Hold time 


-10 


-10 


ns 


T A 


Operating free-air temperature 


-55 


75 


°C 




Operating case temperature 


125 




°C 



Electrical Characteristics Over Operating Conditions 





SYMBOL 


PARAMETER 


TEST CONDITION 


MIN TYP MAX 


UNIT 




v, L « 


Low-level input voltage 




0.8 


V 




V|H* 


High-level input voltage 




2 


V 




V| C 


Input clamp voltage 


V CC = MIN 


I, = -18mA 


-0.8 -1.5 


V 




l|L 


Low-level input current 


V cc = MAX 


V, = 0.4 V 


-0.02 -0.25 


mA 




I'lH 


High-level input current 


V cc = MAX 


V| = 2.4 V 


25 


^A 




l| 


Maximum input current 


V cc = MAX 


V| = 5.5 V 


1 


mA 




v OL 


Low-level output voltage 


V cc = MIN 


MIL l OL = 8mA 


0.3 0.5 


V 


COM Iql = 8 mA 




VOH 


High-level output voltage 


V CC = MIN 


MIL l OH = -0.4 mA 


2.4 2.8 


V 


COM Iqh = -° A mA 




'OZL 


Off-state output current 


V cc = MAX 


V Q =0.4V 


-100 


M A 




'OZH 


V =2.4V 


100 


MA 




'OS 


Output short-circuit current** 


V CC = MAX V Q = V 


-10 -40 -60 


mA 




'cc 


Supply current 


V CC = MAX 400 640 


mA 



Switching Characteristics Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


'PD 


Input to output 


Polarity fuse intact 




55 


50 


ns 


Polarity fuse blown 




60 


55 




*CLK 


Clock to output or feedback 


R-l = 560!! 
R 2 = 11 K!l 


30 


22 


ns 




l PZX 


Output enable 


35 


30 


ns 




*PXZ 


Output disable 


35 


30 


ns 




*PRH 


Preset to output 




40 


35 


ns 




'max 


Maximum frequency 




12.5 


16 20 


MHz 
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PAL/HAL64R32 


T 


esting Conditions 


s 


YMBOL 


PARAMETER 


MILITARY 

■ | |t| Ti/n AA A W 

MIN TYP MAX 


COMMERCIAL 

in 1 1 vun AA A V 

MIN TYP MAX 


UNIT 




*wp 


Preload pulse width 


45 


35 


ns 




*sup 


Preload setup time 


60 


50 


ns 




'hp 


Preload hold time 


10 


5 


ns 




l PRW 


Preset pulse width 


30 


25 


ns 




*PRR 


Preset recovery time 


40 


35 


ns 



PAL/HAL Device 



twitching Waveforms 



INPUTS I/O 
REGISTERED 
FEEDBACK 



CK 



ASYNCHRONOUS 



REGISTERED 
OUTPUTS 



-'CLK 



f 



[* , PD*-|-«- 1 PRH-»- 



COMBINATORIAL 
OUTPUTS 




'CLK |-*- l PXZ*- 



U-'pxz*- 

m 



Output Register PRELOAD Series 20AP 

The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing which would otherwise require a state sequencer for test 
coverage. The procedure for PRELOAD is as follows: 

1 Raise V cc to 4.5 V. 

2 Disable output registers by setting pin 11 to V||_|. 

3 Apply V| L /V| H to all output registers. 

4 Pulse pin 8 to V p . Then back to V. 

5 Remove V| L /V| H from all output registers. 

6 Lower pin 11 to V| L to enable the output registers. 

7 Verify for Vql/Vqh at all output registers. 



Output Register PRELOAD Series 24RS 

The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional test- 
ing which would otherwise require a state sequencer for test 
coverage. The procedure for PRELOAD is as follows: 

1 Raise V cc to 4.5 V. 

2 Disable output registers by setting pin 13 to V| H . 

3 Apply V| L /V| H to all output registers. 

4 Pulse pin 10 to V p . Then back to V. 

5 Remove V||_A/| H from all output registers. 

6 Lower pin 13 to V iL to enable the output registers. 

7 Verify for Vqi/Voh at all output registers. 



Output 



VlL 



tp J-* — 








-*-| 'D U— 








to 


A 


id 




VlL 












Registers ^IL 










> 




ID 






— id 


VlL 


A 
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PAL/HAL Device Logic Diagram 
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PAL/HAL Device Logic Diagram 
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PAL/ HAL Device Logic Diagram 
16H2 
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PAL/ HAL Device Logic Diagram 
16C1 




PAL/HAL Device Logic Diagram 



10L8 
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PAL/ HAL Device Logic Diagram 



12L6 



12 3 i b 6 7 8 9 1213 16 1 ' 20 21 24 2b 16 27 28 29 3031 



*3" 



B t> 



2 — 1> 



0121 4 5 S 7 19 12 13 lft 17 20Z1 24 2S 26 27 2121 
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PAL/HAL Device Logic Diagram 
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PAL/HAL Device Logic Diagram 
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PAL/ HAL Device Logic Diagram 
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PAL/ HAL Device Logic Diagram 
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PAL/HAL Device Logic Diagram 




PAL/ HAL Device Logic Diagram 
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PAL/ HAL Device Logic Diagram 



16RP4 
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PAL/ HAL Device Logic Diagram 
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-te 



-te: 
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12L10 
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PAL/ HAL Device Logic Diagram 




PAL/ HAL Device Logic Diagram 
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PAL/ HAL Device Logic Diagram 
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PAL/HAL Logic Circuit Diagram 




PAL/ HAL Logic Circuit Diagram 
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PAL/HAL Logic Circuit Diagram 32R1 6 



Logic Diagram and Pinout for 84-Pin PLCC and 88-Pin-Grid-Array 



(19) 17 

(20) 18 




(21) 19 

(22) 20 



(24) 22 



(25) 23 -r-f 



(26)24 -p£- 



4 



(27) 25 



(18) (17) (16) 
16 NC 15 




<*2 

112 



3(9 



(44 PIN LCC) 



(15) (14) (13) (12X11)00) (9) (8) (7) 
14 13 12 11 10 9 8 7 6 

jvccj 



AND 
ARRAY 



TTTWTTT 

26 27 28 29 30 31 32 33 34 
(29) (30) (31) <32>(33X34) (35) (36) (37) 



84 PIN PLCC 
(88 PGA) 





15" 



48 



f 



35 NC 36 
(38) (39) (40) 



NC (6) 

5(5) 



4(4) 

3(3) 



-HtL- 2(2) 



1 d) 



• ^* 40 (44) 



39(43) 



- 38 (42) 
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PAL/ HAL Logic Circuit Diagram 64R32 



Logic Diagram and Pinout for 84-Pin PLCC and 88-Pin-Grid-Array 84 pin plcc 



(12) (III 110] |9| |8| PI |B| |5| |4| [31 |21 |1| |88) |87| |86| |85| (841 |B3| M |BI| |801|79| |78| 

NC II 10 9 8 7 6 5 4 3 2 I 84 83 82 81 BO 79 78 77 76 75 HC VCC-— 74(77) 




|34| |35](361 |37||38||39]|40|H1|H2||43||44|H5|H61H7|H8|H9||50||5I||52| |53| |54| |55| |56) 
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VENDOR 


MegarAL 


DA 1 OflD A4A 

PAL20RA10 


DAI 1/IDC 

PAL24HS 


dai on 


DAI Oil 


DAI OA A 


Data I/O 


-Logic PAK 
(32R16only) 


-Lonir PAK 


-Lonir PAK 


-L oaic PAK 


_i oaic PAK 

i — rnr\ 


-Logic PAK 


Knntrnn 








-EEP 80* 
PAL Adapter 


-EEP 80 
PAL Adapter 


-EEP 80 
PAL Adapter 


Structured 
Design 


- 


- 


- 


-SD1000 


-SD1000 


-SD 1000 


Stag 








-ZL30 


-ZL30 


-ZL30 


Varix 


Omni 

Programmer 






-Omni* 
Programmer 


-Omni 
Programmer 


-Omni 
Programmer 


Valley Data 
Sciences 


— 


— 


— 


-Model 160 


-Model 160 


-Model 160 


Storey Systems 








-P240* 


-P240 


-P240 


Digelec 








-UP803* 


-UP803 


-UP803 



* Except 16P8A. 16P.P8A, 16RP6A, 16P.P4A 

MegaPAL™ is a trademark of Monolithic Memories. 



The above chart represents those units which, at the time of printing, have been submitted to Monolithic Memories for evaluation 
and have demonstrated the capability to satisfactorily program the indicated devices. 



Die Configuration 



PAL20RA10 



9 8 7 



6 5 4 



Die Configuration 

PAL32R16 
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PAL Device Applications 




Logic Tutorial | 


PALASM® Software Syntax 






6 




WM 


PLE Circuit Specifications 




8 


Article Reprints 





Contents Section 3 



PAL Device Applications 

Table of Contents for Section 3 

A Work Session Using PALASM2 Menu 

PAL Device Type 

A. Combinational Applications 

1. Basic Gates (Positive Logic) 12P6 

2. Basic Gates (Negative Logic) 12P6 

3. 4 to 16 Decoder 6L16 

4. PC I/O Mapper 8L14 

5. Multiplexers 4:1 Multiplier 18P4 

6. Octal Comparator 16C1 

7. 3 to 8 Demultiplexer 16R8 

8. Octal Latch 10HPAL20P8E 

B. Synchronous Applications 

9. Basic Flip-Flops 16RP8 

10 9-Bit Register 20X10 

11. 10-Bit Register 20X10 

12. 16-Bit Barrel Shifter 64R32 

13. Addressable Register 32R16 

14. Traffic Signal Controller 16RP8 

15. Memory Handshake Logic 16RP8 

C. Counter Applications 

16. 4-Bit Counter 16RP4 

17. 8-Bit Counter 20X8 

18. 9-Bit Counter 20X10 

19. 10-Bit Counter 20RS10 

20. 5-Bit Up Counter 20RA10 

21. 5-Bit Down Counter 20RA10 

D. Asynchronous Applications 

22. 7-Bit I/O Port with Handshake Logic 20RA10 

23. Serial Data Link 20RA10 

24. Interrupt Controller 20RA10 

E. Video Frame Grabber 64R32 

20RA10 
16R8 



3-1 
3-2 
3-3 
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3-29 
3-30 
3-31 
3-33 

3-35 
3-37 
3-40 

3-44 
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A Work Session Using PALASM2 Menu 



a worn; session using PALm6K2 menu 

Given below is an example of how to use the PAL ASM 2 Menu 
to Assemble and Simulate your Pal Design Spec i f 1 cat i on ( PDS> 
The PDS -file name appears after the title "work tile" and 
its rel-.ced extensions after the title "Ext". Each Menu 
command has a highlighted character and is in upper case. 
So on pressing a highlighted character, the corresponding 
Menu command is executed. 

In the following example, we assume the user already has 
created the PDS file. BGATESP . PDS and called the Menu. 



Monolithic MM I Memories 



rfc files Ext: 





PALASM2 


MENU 


Worl* ile 


Assemble 


Programmer i nterf ace 


Edit 


Simulate 


Convert palasml to p*lasm2 


List 


Zhal 


Quit 


Di rectory 






delete File 






print document 






dos coMmand 







wENTER MENU COMMAND > W 



BGATESP. PDS 



k ENTER A HIGHLIGHTED CHARACTER > P 



TITLE 

PATTERN 

REVISION 

AUTHOR 

COMPANY 

DATE 



Basic Gates (Positive Loqic) 
AGates. pds 



A G Gilbert 

Monol i th i c Memor i es I nc . 

1/7/85 



Santa Clara. CA 



;PALs which feature programable output polarity such as 
;the PAL12P6 in this example offer the designer superior 
flexability compared to previous PALS. The subtle advantage 
of the output polarity fuse is that it allows logic to 
be implemented in either positive or negative form within 
the same PAL. This means that the number of product terms 
required to realize an output may be reduced by optimal 
chaise of positive or negative logic. If Karnough Maps 
are used by the designer to simplify the logic equation 
for an output, either clumps of l's or O's may be circled 
to reduce the equation. 

CHIP BA5IC_GATES PAL 1 2P6 



CDFGMNPO I GND 
JI LRSHEBA VffiC 



Monolithic MM I Memories 



Workf ile 

Edit 

Li»t 

Directory 
delete Fi le 
print document 
dos coMmand 



PALASM2 MENU 

Assemble Programmer interface 

Simulate Convert palasml to palasmJ | 

Zhal Quit 



ENTER WORKF1LE > BGATESP.PDS 



• Monolithic MM! Memor i 



rV. file: BGATESP.PDS E;:t: PDS 



PALASM2 MENU 

Assemble Progr ammer interface 

Simulate Convert palasml to palasm2 

Zhal Quit 



•I ete File 
int document 
is rnMmand 

. ENTER MENU COMMAND > L 



EQUATIONS 
B = /A 



L = /J + /K 



P*/Q + /PSQ 



;NOT FUNCTION A ! 



! 1 * 



: AND FUNCT1DN C 



;0R FUNCTION 



; NAND FUNCTION 



;NOR FUNCTION 



;XuR FUNCTION 






o : 


o 







l : 


o 




1 


J 







1 


l : 


1 




F ■ 


g ; 


H 







o : 










l i 


1 


* 


1 


o : 


1 


1 


1 


1 ! 


1 


1 


J 


k : 


L 







o t 


1 


* 





l i 


1 


* 


1 


o ; 


1 


* 


I 









M 


n : 


S 




o 




1 


* 


I 









1 









p 


□ i 


R 







o : 










i : 


i 


* 


1 


o ; 


1 


* 




1 : 


o 





SIMULATION 
— More — 

TRACE _ ON ABCDEFGHJKLMNSPO 
SETF /A /C /D /F /G /J /K /M /N /P /0 
SETF A /C D /F G /J K /M N /P 
SETF C /D F /G J /K M /N P /Q 
5ETF CDFGJH-MNPO 



;This simulation exercises the Basic: Gates EQUATION si 
[by evaluating the output for all input combinations. 



Strike a key when ready . 
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— Monolithic MMI Memories 

work file: BGATESP.PDS E>:t: PDS 





FALASM2 


MENU 


Warkf i le 


Assembl e 


Programmer i nter face 


Edit 


Simulate 


Convert palasml to palaismZ 


List 


Zhal 


Quit 


Directory 






delete File- 






print docUnw 













ENTER MENU COMMAND > A 



Monolithic I1MI Memories 

file; BGATESP.PDS Ext: PDS , XP1 , JED 





PALASM2 


MENU 


Work -file 


Assemble 


Programmer interface 


Edit 


Si mulate 


Convert palasml to palasm2 


List 


Zhal 


Quit 


Directory 






delete File 






print document 






das coMmand 







ENTER MENU COMMAND > L 



****»»*****»»***»» 

F'ALASM Version 2.0 
****************** 

Please wait, PALASM2 Syntax Checking. 

PALASM FRONTEND, V2.06 - BETA RELEASE 

(C) - COPYRIGHT MONOLITHIC MEMORIES INC, 19B4 

Source -file name [default: specs. dat] :BGATESP.PDS 

Processing BGATESP.PDS 

Create error file [default: No! ? 

No error file created 

Echo Palasm Design File to terminal [default: No] ? 

Please wait, XPLOT !< JEDEC File Generation. 

PALASM XPLOT, V2.06 - BETA RELEASE 

<C> - COPYRIGHT MONOLITHIC MEMORIES INC., 1934 



BGATESP.PDS 
BBATESP. XPT 
BGATESP. JED 



y^ENTER A 



HIGHLIGHTED CHARACTER > X 



Equation being processed 
Equation being processed 
Equation being processed 
Equation being processed 
Equation being processed 



5 -for output==:; 

s for output™" > 

s for output = a *=> 

s for output =«> 

s for output==0 



Equat i on bei ng processed is for output 



»>> 



The fuseplat is stored in ===>BGATESP„ xpt 

The jedec is stored in ===>BGATESP. j ed 
All done! 

Strike a key when ready . . . 



PALASM XPLOT, V2.06 - BETA RELEASE 

(C) - COPYRIGHT MONLITHIC MEMORIES INC. , 1984 

Title : Basic Gates (Positive) 

Pattern : BGat.es. pds 

Revision : B 

Author : A G Gilbert 

Company : Monolithic Memories Inc., Santa Clara, CA 

Date : 1/7/B5 
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PAL 1 2P6 
BAS I CREATES 
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oooo 
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37 
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oooo 
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oooo 




39 
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oooo 
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oooo 


oooo 


oooo 


40 







—00 


— oo 


— 00 


x-oo 


-X — 





41 







—00 


— 00 


— 00 


-xoo 


X — 




42 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


43 0000 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


44 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oOOO 


45 
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oooo 
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oooo 


oooo 


oooo 


oooo 


oooo 


46 
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oooo 
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oooo 


oooo 


oooo 


47 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 






More 
















48 






— 00 


— 00 


— 00 


— 00 






49 






— 00 


— 00 


— 00 


— 00 


X 





50 


xxxx 


XXXX 


xxoo 


X xoo 


x xoo 


X xoo 


xxxx 


xxxx 


51 


xxxx 


xxxx 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


52 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


53 
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oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


54 
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oooo 
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oooo 
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oooo 
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oooo 


oooo 


oooo 


56 
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oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


57 


oooo 


oooo 


oooo 


oooo 
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oooo 


oooo 


oooo 


58 


oooo 
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oooo 
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oooo 


59 


oooo 
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oooo 


oooo 


60 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


61 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


62 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


63| 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 



— Monolithic MM! Memorise ■ 

lie: BGATESP.PDS E::t: PDS.ZPT.JED 







MENU 


Wor Ifile 




Programmer i nt erf at & 


Edit 


Si mulate 


Convert pala^ml to palflsmr 


List 


Zhal 


Quit 


Directory 






delete File 






print document 






dos cotlmand 







ENTER MENU COMMAND > L 



ENTER A HIGHLIGHTED CHARACTER J 



PALASM XPLOT. V2.06 - BETA RELEASE 
<C> - COPYRIGHT MONOLITHIC MEMORIES INC., 



1984 



Title : Basic Gates (Positive) 

Pattern : BGates.pds 

Revision : B 

Author : A G Gilbert 

Company : Monolithic Memories Inc., Santa Clara, CA 



PAL12P6 

BASIC_GATES* 

GO*FO* 

LOOOO 

lllllllOlIlllllllllllUl 

000000000000000000000000 
000000000000000000000000 
000000000000000000000000 
0101 1 1 1 1 1 11 1 1 1 1 1 1 1 1 11 1 1 1 
000000000000000000000000 
111101111111111111111111 
111111110111111111111111 

liuniiuioioiiinmii 

000000000000000000000000 
— More — 

1 1 1 1111111 1111011011 1 1 1 1 
1111111111111 1 1001 1 1 1 1 1 1 
1111111111111111111 111 10 
11111 1 Hit 1111 1 1 11101 HI 



000000000000000000000000 

linn 

*C191B* 

55ED 

Strike a key when ready . 



OUTPUT PINS: 111111 
345678 

POLARITY FUSE: 

More — 



3-5 



/fr 



Monolithic 

i L»I BGATESP. PDS Ent J 





PALASM2 


MENU 


Worl file 


Assembl e 


Programmer i ntert ace 


Edit 


Si oili 1 site 


Convert palasml to palasm2 


Li st 


Zhal 


Quit 








delete Fi le 






print document 






dos coMmanfl 







ENTER MENU COMMAND > S 



BGATE5F . PDS 
BGATESP. XPT 
BGATESP. JED 
BGATESP. HST 
BGATESP. TRF 



ENTER A HIGHLIGHTED CHARACTER - F 



PALASM2 SIMULATION. V0.00 ALPHA RELEASE 

<C> - COPYRIGHT MONOLITHIC MEMORIES INC., 1985 

TRACE_ON 

SETF 

SETF 

SETF 

SETF 

END OF SIMULATION 

Total memory used — > 4326 bytes 



Simulation result (History) is in — >BGATESP. hst 
Simulation result (Trace) is in -== >BGATESP . tr-f 



Strike a key when ready 



Page : 1 




gggg 


A 


LHHH 


B 


HLLL 


C 


LLHH 


D 


LHLH 


E 


LLLH 


F 


LLHH 


G 


LHLH 


H 


LHHH 


J 


LLHH 


K 


LHLH 


L 


HHHL 


M 


LLHH 


N 


LHLH 


S 


HLLL 


P 


LLHH 




More — 


Q 


LHLH 


R 


LHHL 



Monolithic MM I Memories 

work file: BGATESP. PDS E::t ! PDS. XPT, JED. HST. TRF 





PALASM2 


MENU 


Worl tile 


Assemble 


Programmer i nter face 


Edit 


Si mul ate 


Convert palasml to pal asm2 


List 


Ml 


Quit 


Di rectory 






delete File 






print document 






dos caMmand 







ENTER MENU COMMAND > L 



Monolithic MM! Memories 

work file! BGATESP. PDS Exti PDS, XPT . JED, HST , TRF 





PALASH2 


MENU 


Uork+i le 


Assembl e 


Programmer interface 


Edit 


Simul ate 


Convert palasml to palasm2 


List 


Zhal 


Quit 


Directory 






delete File 






pr i nt document 






dos coMmand 







ENTER MENU COMMAND > Q 



Monolithic FJFJ1 Memories 



Basic Gates (Negative Logic) 



PAL Device Design Specification 



Simulation Results 



TITLE Basic Gates (Negative Logic) 

PATTERN BGatesn.pds 

REVISION A 

AUTHOR A G GILBERT 

COMPANY Monolithic Memories Inc., Santa Clara, CA 
DATE 1/9/85 

;It is worthwhile for the novice PAL designer to compare 
;the number of product terms required to realize these 
;basic functions implemented in negative logic with the 
;same functions implemented in positive logic. 

CHIP BASICJ3ATES PAL12P6 

CDFGMNPQI GND 
JKLRSHEBA VCC 



/B " • 



;NOT FUNCTION 



Page : 

gggg 

A HLLL 
B LHHH 
C HLLH 
D HHLL 
E HLLL 
F HLLH 
G HHLL 
H HHLH 

I xxxx 

J HLLH 
K HHLL 
L LHHH 
M HLLH 
N HHLL 
P HLLH 
Q HHLL 
R LHLH 
S LLHL 



/E - /C+/D 



; 

;AND FUNCTION 



XPLOT Output 



H - /F*/G 



/L = J*K 



/S - M+N 



/R - P«Q + /P»/Q 



;0R FUNCTION 



;NAND FUNCTION 



,-NOR FUNCTION 



;XOR FUNCTION 



SIMULATION 

TRACE_ON ABCDEFGHIJKLMNPQ 

SETF ACDFGJKMNPQ 
SETF /A /C /F /J /M /P 
SETF /D /G /K /N /Q 
SETF C F J M P 



| 



I 

1 I 



N | S 



1 I 



1 

« 

• 

* 



Title : Basic Gates (Negative Logic) 

Pattern : BGatesn.pds 

Revision : A 

Author : A G Gilbert 

Company : Monolithic Memories Inc., Santa Clara, 

Date : 1/9/85 

PAL12P6 
BASIC GATES 









11 


1111 


1111 


2222 


2222 


2233 




0123 


4567 


8901 


2345 


6789 


0123 


4567 


8901 





0000 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


1 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


2 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


3 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


4 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


5 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


6 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


7 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


B 




— X- 


—00 


—00 


—00 


—00 






9 


XXXX 


XXXX 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


10 


xxxx 


xxxx 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


11 


xxxx 


xxxx 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


12 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


13 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


14 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


15 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


16 


X 




— 00 


— 00 


— 00 


— 00 






17 


-X — 




— 00 


— 00 


— 00 


— 00 






18 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


oooo 


19 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


20 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


21 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


22 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 


23 


0000 


0000 


0000 


0000 


0000 


0000 


oooo 


oooo 



24 




-X — 


-xoo 


— 00 


— 00 


—00 






25 


xxxx 


XXXX 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


26 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


27 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


28 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


29 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


30 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


31 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


32 






—00 


X-00 


— oo 


—CO 






33 






— oo 


—00 


X-00 


—00 






34 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


35 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


36 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


37 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


33 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


39 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 



40 






— 00 


—00 


— 00 


X-00 


X 




41 






— 00 


—00 


— 00 


-xoo 


-X — 




42 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


43 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


44 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


45 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


4 6 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


47 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 


oooo 



Monolithic filES Memories 



3-7 



Basic Gates (Negative Logic) 



ta 








—00 


— 00 


—00 


—00 


— X- 


— X- 


49 


xxxx 


xxxx 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


50 


xxxx 


xxxx 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


51 


xxxx 


xxxx 


xxoo 


xxoo 


xxoo 


xxoo 


xxxx 


xxxx 


52 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


53 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


54 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


55 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


5 6 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


57 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


5 8 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


59 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


60 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


61 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


62 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


£3 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 



OUTPUT PINS : 111111 
345678 

POLARITY FUSE: XXXXXX 
TOTAL FUSES BLOWN: 203 



JEDEC Output 



Logic Symbol 



Title 

Pattern 

Revision 

Author 

company 

Date 



Basic Gates (Negative Logic) 
BGatesn.pds 



A G Gilbert 

Monolithic Memories Inc., 
1/9/85 



Santa Clara, CA 



PAL12P6 
BASIC_GATES» 
G0*F0* 
LO00O 

111111011111111111111111 
000000000000000000000000 

oooooooooooooooooooooooo 

000000000000000000000000 
111011111111111111111111 
101111111111111111111111 
111110111011111111111111 

oooooooooooooooooooooooo 

111111111101111111111111 
111111111111011111111111 
111111111111110101111111 
111111111111111010111111 
111111111111111111011101 

oooooooooooooooooooooooo 
oooooooooooooooooooooooo 
oooooooooooooooooooooooo 

000000 




Four-to-Sixteen Decoder 



PAL Device Design Specification 



Simulation Results 



Title 

Pattern 

Revision 

Author 

Company 

Date 



4tol6 Decoder 
4-16DEC. PDS 
A 

Mehrnaz Hada 
Monolithic Memories, 
1/9/85 



Santa Clara, CA 



CHIP Decoder PAL6L16 

QO Ql Q2 A B C D EN1 EN2 Q3 Q4 GND Q5 



Q6 Q"3 


Q8 Q9 Q10 Qll Q12 Q13 Q14 


Q15 VCC 




EQUATIONS 










/QO 




/D*/C*/B*/a* 


EN1* 


EN 2 


; Decode 


0000 


/Ql 




/D*/C*/B* A* 


EN1 * 


EN2 


; Decode 


0001 


/Q2 




/D*/ c * B*/A* 


EN1* 


EN2 


; Decode 


0010 


/Q3 




/D*/C* B* A* 


EN1* 


EN 2 


; Decode 


0011 


/Q4 




/D* C*/B*/A* 


EN1* 


EN2 


; Decode 


0100 


/Q5 




/D* C*/B* A* 


EN1* 


EN2 


; Decode 


0101 


/Q6 




/D* C* B*/A* 


EN1* 


EH2 


; Decode 


0110 


/Q7 




/D* C* B* A* 


EN1* 


EN2 


; Decode 


0111 


/Q8 




D*/ c */B*/A* 


EN1* 


EN2 


; Decode 


1000 


/Q9 




D*/C*/B* A* 


EN1* 


EN2 


; Decode 


1001 


/Q10 




D*/C* B*/A* 


EN1* 


EN2 


; Decode 


1010 


/Qll 




D*/C* B* A* 


EN1* 


EN2 


; Decode 


1011 


/Q12 




D* C*/B*/A* 


EH1* 


EN2 


; Decode 


1100 


/Q13 




D* C*/B* A* 


EN1* 


EN2 


; Decode 


1101 


/Q14 




D* C* B*/A* 


EN1* 


EN2 


; Decode 


1110 


/Q15 




D* C* B* A* 


EN1* 


EN2 


; Decode 


1111 



SIMULATION 

TRACE_ON D B C A Q0 Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
Qll Q12 Q13 Q14 Q15 

SETF /D /C /B /A EN1 EN 2 
SETF A 
SETF B 
SETF C 
SETF D 
SETF /D 
SETF /C 
SETF /B 
SETF /A 
SETF /EN1 
SETF EN1 /EN2 
SETF /EN1 

;The 4 to 16 decoder, decodes four binary decoded inputs 
;into one of 16 mutually exclusive outputs, whenever the 
;two enable lines EN1 and EN2 are high. When one or both 
;of the enable lines are low the outputs are all set to 
;high values. 



;Set outputs to high 
;Set outputs to high 
;Set outputs to high 



Page 


: 1 








gggggggggg 


gg 




D 


LLLLHLLLLL 


LL 




B 


LLHHHHHLLL 


LL 




C 


LLLHHHLLLL 


LL 




A 


LHHHHHHHLL 


LL 




Q0 


LHHHHHHHLH 


HH 




Ql 


HLHHHHHLHH 






Q2 


HHHHHHHHHH 


HH 




Q3 


HHLHHHLHHH 


HH 




Q4 


HHHHHHHHHH 


HH 




Q5 


HHHHHHHHHH 


HH 




Q6 


HHHHHHHHHH 


HH 




Q7 


HHHLHLHHHH 


HH 




Q8 


HHHHHHHHHH 


HH 




Q9 


HHHHHHHHHH 


HH 




Q10 


HHHHHHHHHH 


HH 




Qll 


HHHHHHHHHH 


HH 




Q12 


HHHHHHHHHH 


HH 




Q13 


H H HHHHHHHH 


HH 




Q14 








Q15 




HH 





XPLOT Output 



Title 

pattern 

Revision 

PAL6L16 
DECODER 



4tol6 Decoder 
4-16DEC.PDS 



Author 

company 

Date 



Mehrnaz Hada 
Monolithic Memories, 
1/9/85 



0123 4567 8901 



-x-x 

1 x-x- 

2 X — X 

3 -XX- 

4 -XX- 

5 X — X 

6 -X-X 

7 X-X- 

8 -XX- 

9 X—X 

10 -X-X 

11 X-X- 

12 X-X- 

13 -XX- 

14 -X-X 

15 X—X 



-X-X X-X- 
X-X- X-X- 
-X-X x-x- 
-x-x x-x- 
x-x- x-x- 
x-x- x-x- 
x-x- x-x- 
-XX- x-x- 
-XX- x-x- 
-XX- x-x- 
-XX- x-x- 
-x-x x-x- 
X— X x-x- 
X — X x-x- 
X--X x-x- 
X — X x-x- 



TOTAL FUSES BLOWN: 96 



Logic Symbol 




3-9 



Santa Clara, CA 



Title PC I/O Mapper 
Pattern MemlO.pds 
Revision A 
Author A G Gilbert 
Company Monolithic Memories Inc. 
Date 1/8/85 

; Personal computers which are hardware compatible with the 
;ubiquitous IBM PC share this I/O nap. 

CHIP PCIO PALS LI 4 

NC NC A9 AB A7 A6 A5 A4 A3 AEN /CSMONOCHRMAD GHD 

/CSGAMEIOAD /CSCOLORAD /CSPRINTERAD /CS5FLOPPYAD /CSRS232AD /CSNMIMKRG 
/CSDMAPGRG /CSPPICHIP /CSTIMERCHIP /CSINTCCHIP /CSDMACCHIP VCC 



= /A9*/AB*/A7*/A6*/A5 
* /A4*/AEN 



CSINTCCHIP = /A9*/A8*/A7*/A6*A5 
* /A4*/A3*/AEH 



CSTIMERCHIP = /A9-/AB*/A7*A6*/A5 
* /A4*/A3*/AEH 



CSPPICHIP - /A9*/AB*/A7*A6*A5 
* /A4*/A3*/AEN 



CSDMAPGRG 



/A9 */A8*A7 */A6 */A5 
/A4*/A3*/AEN 



■ /A9*/A8*A7*/A6*A5 
- /A4-/AEN 



A9*AB*A7*A6*A5 
A4*A3*/AEH 



CS 5 FLOPPY AD - A9*A8*A7*A6*A5 
* A4*/A3*/AEH 



CSPRINTERAD = A9*/AB*/A7*A6*A5 
* A4*A3*/AEH 



CSCOLORAD - A9*A8*A7*A6*/A5 
* A4*/AEN 



CSGAMEIOAD = A9*/A8*/A7*/A6*/A5 
* /A4*/AEN 



CSMONOCHRMAD - A9*A8«A7*/A6*A5 
* A4*/AEN 



; DMA controller 

;Chip select 

;HEX address 000-OOF 

;lnterupt controller 

;Chip select 

;HEX address 020-021 

; Timer 

;Chip select 

;HEX address 040-043 

rParallel peripheral interface 

;Chip select 

;HEX address 060-063 

; DMA page register 
;Chip select 

; 080-083 



Page : 1 


gggggggggg 


gg 


A9 


XLLLLLLHHH 


HH 


A8 


XLIXLLLHKH 


LB 


A7 


XLLLHHHHHH 


LH 


A6 


XLLHHHLHHH 


LL 


A5 


XLHHLHHHHL 


LH 


A4 


XLLLLLHHHH 


LH 


A3 


XLLLLLLHLL 


LL 


AEN 


HLLLLLLLLL 


LL 


/CSMONOCHRMAD 


HHHHHHHHHH 


HL 


/CSGAMEIOAD 


HHHHHHHHHH 


LH 


/CSCOLORAD 


HHHHHHHHHL 


HH 


/CSPRINTERAD 


HHHHHHHHHH 


KB 


/CS5FLOPPYAD 


HHHHHHHHLH 


HH 


/CSRS232AD 


HHHHHHHLHH 


HH 


/CSNMIMKRG 


HHHHHHHHHH 


HH 


/CSDMAPGRG 


HHHHHHHHHH 


HH 


/CSPPICHIP 


HHHLHHHHHH 


HH 


/CSTIMERCHIP 


HHHHHHHHHH 


HH 


/CSINTCCHIP 


HHLHHHHHHH 


HH 


/CSDMACCHIP 




HH 



XPLOT Output 



;KMI mask register 
;Chip select 
;HEX address 0AX 

;RS 232 module 
; Device select 
;HEX address 3F8-3FF 

;5.25 floppy disk module 

; Device select 

rHEX address 3F0-3F7 

/Parallel printer module 

; Device select 

;HEX address 378-37F 

;Color graphics video module 

,-Device select 

;HEX address 3D0-3DF 

;Game I/O module 

; Device select 

;HEX address 200-20F 

.•Monochrome video module 

; Device select 

;HEX address 3B0-3BF 



Title 

Pattern 

Revision 

Author 

Company 

Date 



PC I/O Mapper 
MemlO . pds 
A 

A G Gilbert 

Monolithic Memories Inc 
1/8/85 



xxxx 

1 -x-x 

2 XXXX 

3 -X-X 

4 -X-X 

5 -X-X 

6 -X-X 

7 -X-X 

8 X-X- 

9 X-X- 

10 X — X 

11 x-x- 

12 X-X- 

13 X— X 



XXXX xxxx 
-X-X -X-X 
XXXX XXXX 
-X-X X— X 
-XX- -X-X 
-XX- X— X 
X— X -X-X 
X — X X — X 
X-X- X-X- 

x-x- x-x- 
-XX- x-x- 
X-X- -XX- 

X— X x-x- 

-X-X -X-X 



XXXX 

X 

XXXX 
-X-X 
-X-X 
-X-X 
-X-X 

X 

X — X 
-X-X 
X--X 

X 

X 



SIMULATION 

TRACEON A9 AB A7 A6 A5 A4 A3 AEN /CSMONOCHRMAD 

/CSGAMEIOAD /CSCOLORAD /CSPRINTERAD / CS 5 FLOPPYAD 
/CSRS232AD /CSNMIMKRG /CSDMAPGRG /CSPPICHIP 
/CSTIMERCHIP /CSINTCCHIP /CSDMACCHIP 

SETF AEN 

SETF /A9 /A8 /A7 /A6 /A5 /A4 /A3 /AEN 

SETF A5 

SETF A6 

SETF /A5 A7 

SETF A5 

SETF A4 /A6 

SETF A9 A8 A7 A6 A5 A4 A3 

SETF /A3 
SETF /A5 

SETF /A4 /A6 /A7 /A8 

SETF A9 AS A7 /A6 A5 A4 



TOTAL FUSES BLOWN: 



Logic Symbol 



CSMONOCHRMAD 

GNd[7_2 




51] VCC 

23] CSDMACCHIP 
22] CSINTCCHIP 
2l] CSTIMERCHIP 
2oj CSPPICHIP 
73] CSDMAPGRG 
73] CSNMIMKRG 
77] CSRS232AD 
75] CS5FLOPPYAD 
-O— 7J] CSPRINTERAD 
77| CSCOLORAD 
77J CSGAMEIOAD 



Monolithic GURU Memories 



Four-to-One Multiplexer 



PAL Device Design Specification 

TITLE 4:1 MUX 

PATTERN MUX 4 . PDS 
REVISION A 
AUTHOR John BirJcner 

COMPANY Monolithic Memories Inc. Santa Clara, CA 
DATE 1/8/85 

; The four to one multiplexor routes one of four 4-bit nibbles, 

! INPUTOn. .INPUT3n, to the output, OUTPUTO . .OUTPUT3 

CHIP MUX4 PALIS P4 

INPUTOO INPUT01 IHPUT02 INPUT 03 

INPUT10 INPUT11 INPUT12 INPUT13 

INPUT20 INPUT21 INPUT22 GND 

INPUT 2 3 INPUT 30 INPUT31 INPUT 3 2 

OUTPUTO OUTPUT1 OUTPUT 2 OUTPUT 3 

INPUT 3 3 SELECTO S ELECT 1 VCC 

EQUATIONS 



SETF INPUT03 INPUT13 INPUT 2 3 INPUT33 

SETF INPUTOO INPUT01 INPUT02 INPUT03 

INPUT10 INPUT11 INPUT 12 IN PUT 13 

INPUT20 INPUT21 INPUT22 INPUT 2 3 

INPUT 30 INPUT31 INPUT 3 2 INPUTS 3 

SETF /INPUT 03 /INPUT 13 /INPUT23 /INPUT 3 3 



Simulation Results 



;SET SELECTED NIBBLE 
;SET ALL INPUTS 



; CLEAR SELECTED NIBBLE 



INPUTOO 




/SELECT1 




/SELECTO 


;sel 





INPUT01 


* 


/SELECT1 




SELECTO 


JSEL 1 


INPUT02 


* 


SELECT1 


* 


/SELECTO 


;SEL 


2 


INPUT03 


* 


SELECT1 




SELECTO 


;SEL 


3 


INPUT 10 




/SELECT1 




/SELECTO 


JSEL 





INPUT11 




/S ELECT 1 




SELECTO 


;SEL 


1 


INPUT 12 




SELECT 1 




/SELECTO 


;SEL 


2 


INPUT13 




SELECT 1 




SELECTO 


;SEL 


3 


INPUT 20 




/SELECT1 


* 


/SELECTO 


;SEL 





INPUT21 




/SELECT1 




SELECTO 


;SEL 


1 


INPUT22 




SELECT1 




/SELECTO 


;SEL 


2 


INPUT23 


* 


SELECT1 




SELECTO 


;SEL 


3 


INPUT30 


* 


/SELECT1 




/SELECTO 


;SEL 





INPUT31 




/SELECT1 




SELECTO 


;SEL 


1 


INPUT32 




SELECT1 


* 


/SELECTO 


;SEL 


2 


INPUT33 


* 


SELECT1 




SELECTO 


;SEL 


3 



OUT PUT 3 - 



ACE_ON 

TOO INPUT01 INPUT 02 INPUT03 

INPUT10 INPUT11 INPUT12 INPUT 13 

INPUT2 INPUT21 INPUT22 INPUT23 

INPUT30 INPUT31 INPUT32 INPUT 3 3 

SELECT1 SELECTO 

OUTPUTO OUTPUT1 OUT PUT 2 OUTPUTS 



SETF 



SETF 
SETF 



SETF 
SETF 



SETF 
SETF 



SETF 
SETF 



SETF 
SETF 

SETF 
SETF 
SETF 



/SELECT1 


/SELECTO 








/INPUTOO 
/INPUT10 
/INPUT20 
/INPUT30 


/INPUT01 
/INPUT11 
/INPUT21 
/INPUT31 


/INPUT 02 
/INPUT12 
/INPUT22 
/INPUT32 


/INPUT 03 
/INPUT13 
/INPUT23 
/INPUT33 


.•CLEAR ALL INPUTS 


INPUTOO 


INPUT10 


INPUT20 


INPUT30 


;SET SELECTED NIBBLE 


INPUTOO 
INPUT10 
INPUT20 
INPUT30 


INPUT01 
INPUT11 
INPUT21 
INPUT31 


INPUT02 
INPUT12 
INPUT22 
INPUT 3 2 


INPUT03 
INPUT 13 
INPUT23 
INPUT 3 3 


;SET ALL INPUTS 


/INPUTOO 


/INPUT10 


/INPUT20 


/INPUTSO 


; CLEAR SELECTED NIBBLE 


/SELECT1 SELECTO 




; SELECT ADDRESS 1 


/INPUTOO 
/INPUT10 
/INPUT20 
/INPUTS 


/INPUT01 
/INPUT11 
/INPUT21 
/INPUT31 


/INPUT02 
/INPUT 12 
/INPUT22 
/INPUT32 


/INPUT0 3 
/INPUT 13 
/INPUT23 
/INPUTS 3 




INPUT01 


INPUT 11 


INPUT21 


INPUT 31 


;SET SELECTED NIBBLE 


INPUTOO 
INPUT10 
INPUT20 
INPUT30 


INPUT01 
INPUT11 
INPUT21 
INPUT31 


INPUT02 
INPUT12 
INPUT22 
INPUT32 


INPUT03 
INPUT 13 
INPUT23 
INPUT33 


,-SET ALL INPUTS 


/INPUT01 


/INPUT11 


/INPUT21 


/INFUT31 


; CLEAR SELECTED NIBBLE 


SELECT1 


/SELECTO 






; SELECT ADDRESS 2 


/INPUTOO 
/INPUT10 
/INPUT20 
/INPUT30 


/INPUT01 
/INPUT11 
/INPUT21 
/INPUT31 


/INPUT02 
/INPUT12 
/INPUT22 
/INPUT32 


/INPUT03 
/INPUT 13 
/INPUT23 
/INPUT33 


; CLEAR ALL INPUTS 


INPUT02 


INPUT12 


INPUT22 


INPUTS 2 


;SET SELECTED NIBBLE 


INPUTOO 
INPUT10 
INPUT20 
INPUTS 


INPUT01 
INPUT11 
INPUT2 1 
INPUT31 


INPUT02 
INPUT 12 
INPUT22 
INPUT32 


INPUT03 
INPUT 13 
INPUT23 
IN PUT 3 S 


;SET ALL INPUTS 


/INPUT02 


/INPUT 12 


/INPUT 2 2 


/INPUT32 


r CLEAR SELECTED NIBBLE 


SELECT1 


SELECTO 






f SELECT ADDRESS 3 


/INPUTOO 
/INPUT10 
/INPUT20 
/INPUT 30 


/INPUT01 
/INPUT11 
/INPUT21 
/INPUT31 


/INPUT02 
/INPUT12 
/INPUT22 
/INPUT32 


/INPUT03 
/INPUT13 
/INPUT23 
/INPUT33 


; CLEAR ALL INPUTS 



Page : 1 

gggggggggg 
INPUTOO XLHHLLLLHH 
INPUT01 XLLHHHLHHL 
INPUT02 XLLHHHLLHH 
INPUT 03 XLLHHHLLHH 
INPUT10 XLHHLLLLHH 
INPUT 11 XLLHHHLHHL 
INPUT12 XLLHHHLLHH 
INPUT 13 XLLHHHLLHH 
INPUT20 XLHHLLLLHH 

INPUT22 XLLHHHLLHH 
INPUT 2 3 XLLHHHLLHH 
INPUT30 XLHHLLLLHH 
INPUT31 XLLHHHLHHL 
INPUT32 XLLHHHLLHH 
INPUT 3 3 XLLHHHLLHH 
SELECT 1 LLLLLLLLLL 
SELECTO LLLLLHHHHH 
OUTPUTO XLHHLHLHHL 
OUTPUT 1 XLHHLHLHHL 
OUT PUT 2 XLHHLHLHHL 
OUTPUT 3 



gggggggggg 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 
HLLHHHLHHL 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 
HLLHHHLHHL 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 
HLLHHHLHHL 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 



HHHHHHHHHH 
LLLLLHHHHH 
HLHHLHLHHL 
HLKHLHLHHL 
HLHHLHLHHL 



Logic Symbol 



PAL18P4A 




INPUT22 [l7 
GND fj2 



Monolithic Kffill Memories 



3-11 



Four-to-One Multiplexer 



PAL Device Design Specification 



Simulation Results 



TITLE 

PATTERN 

REVISION 

AUTHOR 

COMPANY 

DATE 



John Birkner 

Monolithic Memories Inc. 

1/8/85 



Santa Clara, CA 



The four to one multiplexor routes one of four 4-bit nibbles, 
INPDT[0,n] . .INPUT[3,n] , to the output, OUTPUT [ ].. OUTPUT [ 3 ] . 
This example illustrates the use of high level macros to 
save typing and improve accuracy. 

CHIP MUX4A PAL18P4 

INPUT[0..1,0..3] INPUT[2,0..2] GND 

INPUT[2,3] INPUT[3,0. .2] OUTPUT[0..3] INPUT[3,3] SELECT [ .. 1] VCC 

EQUATIONS 

OUTPUT [m-0. .3] - OR [n-0.-3] (INPUT[B,n] * BIN[nJ { SELECT[0] SELECT[1] 
SIMULATION 

TRACE_ON INPUT[0..3,0..3] SELECT[0..1] OUTPUT[0..3] 

FOR n:=0 TO 3 DO 
BEGIN 

SETF BIN[n] (SELECT[1] SELECT[0]) 
SETF /INPUT[0..3,0..3] 
SETF INPUT[n,0..3] 
SETF INPUT[0. .3,0. .3] 
SETF /INPUT[n,0..3] 



f SELECT ADDRESS 

; CLEAR ALL INPUTS 

;SET SELECTED NIBBLE 

;SET ALL INPUTS 

; CLEAR SELECTED NIBBLE 



gggggggggg 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 



Page : 1 

gggggggggg 
INPUTOO XLHHLLLLHH 
INPUT01 XLLHHHLHHL 
INPUT02 XLLHHHLLHH 
INPUT03 XLLHHHLLHH 
INPUT10 XLHHLLLLHH 
INPUT 11 XLLHHHLHHL 
INPUT 12 XLLHHHLLHH 
IN PUT 13 XLLHHHLLHH 
INPUT20 XLHHLLLLHH 
INPUT21 XLLHHHLHHL 
INPUT22 XLLHHHLLHH 
INPUT23 XLLHHHLLHH 
INPUT 30 XLHHLLLLHH 
INPUT31 XLLHHHLHHL 
INPUT 3 2 XLLHHHLLHH 
INPUT33 XLLHHHLLHH 

SELECT1 T.T.T.T.T.T.T.T.T.T. 

SELECTO 

OUTPUT0 XLHHLHLHHL 

OUTPUT 1 XLHHLHLHHL 

0UTPUT2 XLHHLHLHHL HLHHLHLHHL 

OUTPUTS XLHHLHLHHL HLHHLHLHHL 



HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 
HLLHHHLHHL 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 
HLLHHHLHHL 
HLLHHHLLHH 
LLLHHHLLHH 
HLHHLLLLHH 
HLLHHHLHHL 



HLHHLHLHHL 



SELECTO - 
SELECT1 - 

INPUTO - 
INPUT1 - 
1NPUT2 - 
INPUT3 - 



4:1 

MULTIPLEXER 



- OUTPUTO 
- OUTPUT1 

- OUTPUT2 

- OUTPUT3 



3-12 



Memories 



Octal Comparator 



PAL Device Design Specification 



Title Octal_Comparator 
Pattern OctComp . pds 
Revision A 

Author Mehrnaz Hada 

Company Monolithic Memories Inc., 

Date 1/29/85 



Simulation Results 



Santa Clara, CA 



;The octal comparator establishes when two 8-bit data 
.•strings (A7-A0) and (B7-B0) are equivalent (EQ=H) or 
equivalent (NE=H) . 

CHIP OctalComparato PAL16C1 

A7 AO BO Al Bl A2 B2 A3 B3 GND 
A4 B4 A5 B5 EQ HE A6 B6 B7 VCC 





A0*/B0 


+ 


/AO* 


BO 




A1*/B1 


+ 


/Al* 


Bl 




A2*/B2 


+ 


/A2* 


B2 




A3*/B3 


+ 


/A3* 


B3 


+ 


A4*/B4 


+ 


/A4* 


B4 


+ 


A5*/B5 


+ 


/A5* 


B5 


+ 


A6*/B6 


+ 


/A6* 


B6 


+ 


A7*/B7 


+ 


/A7* 


B7 



SIMULATIOH 



TRACE OH A7 A6 A5 A4 A3 A2 Al AO HE 
B7 B6 B5 B4 B3 B2 Bl BO 



;A0 
;A1 

;A2 
;A3 
;A4 
;A5 
;A6 
;A7 



: + : BO 

: + : Bl 

: + : B2 

: + : B3 

: + : B4 

: + : B5 

: + : B6 

: + : B7 



Page : 1 

gggggggggg 
A7 HLLLLLLLLL 
A6 LHLLLLLLLL 
A5 LLHLLLLLLL 
A4 LLLHLLLLLL 
A3 LLLLHLLLLL 
A2 LLLLLHLLT.T. 
Al LLLLLLHLLL 
AO LLLLLLLHLL 
HE HHHHHHHHHH 
B7 LLLLLLLLHL 
B6 LLLLLLLLLH 
B5 LLLLLLLLLL 
B4 LLLLLLLLLL 
B3 LLLLLLLLLL 

Bl LLLLLLLLLL 
BO 



gggggggggg 
LLLLLLLHLH 
LLLLLLLHHL 
LLLLLLLHLH 
LLLLLLLHHL 
LLLLLLLHLH 
LLLLLLLHHL 
LLLLLLLHLH 
LLLLLLLHHL 
HHHHHHLLLL 
LLLLLLLHLH 
LLLLLLLHHL 
HLLLLLLHLH 
LHLLLLLHHL 
LLHLLLLHLH 
LLLHLLLHHL 
LLLLHLLHLH 



SETF A7 /A6 /A5 /A4 /A3 /A2 /Al /AO 
/B7 /B6 /B5 /B4 /B3 /B2 /Bl /BO 
SETF /A7 A6 
SETF /A6 A5 
SETF /A5 A4 
SETF /A4 A3 
SETF /A3 A2 
SETF /A2 Al 
SETF /Al AO 

SETF /A7 /A6 /A5 /A4 /A3 /A2 /Al /AO 
B7 

SETF /B7 B6 
SETF /B6 B5 
SETF /B5 B4 
SETF /B4 B3 
SETF /B3 B2 
SETF /B2 Bl 
SETF /Bl BO 
SETF /BO 

SETF A7 A6 A5 A4 A3 A2 Al AO 
B7 B6 B5 B4 B3 B2 Bl BO 

SETF /A7 A6 /A5 A4 /A3 A2 /Al AO 
/B7 B6 /B5 B4 /B3 B2 /Bl BO 

SETF A7 /A6 A5 /A4 A3 /A2 Al /AO 
B7 /B6 B5 /B4 B3 /B2 Bl /BO 



Function Table for PALASM1 



;A7=H, B7=L 

;A6-H, B6=L 

,-A5=H, B5-L 

;A4=H, B4=L 

;A3=H, B3=L 

;A2-H, B2-L 

;A1-H, B1=L 

;A0=H, BO-L 

;A7=L, B7-H 



;A6-L, 
;A5-L, 
;A4=L, 
,-A3=L, 

;A2-L, 

;A1=L, 
;AO=L, 



B6=H 
B5-L 
B4-H 
B3»H 
B2-H 
Bl-H 
BO=H 



;Test all L's 
;Test all H's 



;Test even ones 
;Test odd ones 



A 


7 A6 A5 A4 


A3 A2 Al 


AO 


B7 B6 


B5 B4 


B3 B2 Bl BO HE EQ 


Input A 


Input B 


Outputs 






76543210 


76543210 


NE 


EQ 


Comments 




HLLLLLLL 


LLLLLLLL 


H 


L 


A7-H, 


B7»L 




LHLLLLLL 


LLLLLLLL 


H 


L 


A6=H, 


B6-L 




LLHLLLLL 


LLLLLLLL 


H 


L 


A5=H, 


B5-L 




LLLHLLLL 


LLLLLLLL 


H 


L 


A4-H, 


A5=L 




LLLLHLLL 


LLLLLLLL 


H 


L 


A3-H 


B3-L 




LLLLLHLL 


LLLLLLLL 


H 


L 


A2-H, 


B2-L 




LLLLLLHL 


LLLLLLLL 


H 


L 


A1=H 


B1=L 




LLLLLLLH 


LLLLLLLL 


H 


L 


A0=H 


B0=L 




LLLLLLLL 


HLLLLLLL 


B 


L 


A7-L 


B7-H 




LLLLLLLL 


LHLLLLLL 


H 


L 


A6-L 


B6=H 




LLLLLLLL 


LLHLLLLL 


H 


L 


A5-L 


B5=H 




LLLLLLLL 


LLLHLLLL 


H 


L 


A4=L 


B4=H 




LLLLLLLL 


LLLLHLLL 


8 


L 


A3-L 


B3-H 




LLLLLLLL 


r.T.T.T.tBT.T. 


H 


L 


A2-L 


B2=H 




I,T,TJ.T,T,T,T, 


LLLLLLHL 


H 


L 


Al-L 


Bl-H 


; LLLLLLLL 


LLLLLLLH 


B 


L 


AO-L 


B0=H 




LLLLLLLL 


LLLLLLLL 


L 


H 


Test 


all L'S 




HHHHHHHH 


HHHHHHHH 


L 


H 


Test 


all H'S 




HLHLHLHL 


HLHLHLHL 


L 


H 


Test 


even checkerboard 




LHLHLHLH 


LHLHLHLH 


L 


H 


Test 


odd checkerboard 



Logic Symbol 



16C1 








Monolithic 



Memories 



3-13 



Santa Clara, CA 



Title 3to8_Dmux 
Pattern 3to8Dmux . pds 
Revision A 

Author Mehrnaz Hada 
Company Monolithic Memories Inc., 
Date 1/29/85 

;The 3-to-8 demultiplexer with control storage provides a 
.•conventional 8-bit demux function combined with control 
jstorage functions: load true, load complement, hold, toggle, 
.•polarity, clear and preset. Five inputs (/LD, /CLR , / PR , POL, 
;TOG) select one of six operations. The six operations are 
summarized in the following operations table: 

; Control Functions Polarity Inputs Outputs 

;/0C CLK /CLR /PR /LD POL TOG ABC Q7-Q0 Operation 



H 


X 


X 


X 


X 


X 


X 


X 


z 


HI-Z 


L 


c 


L 


X 


X 


X 


X 


X 


L 


Clear 


L 


c 


H 


L 


X 


X 


X 


X 


H 


PRESET 


L 


c 


H 


H 


L 


H 


X 


I 


MUX 


Load true 


L 


c 


H 


H 


L 


L 


X 


I 


/MUX 


Load COMP 


L 


c 


H 


H 


H 


X 


L 


X 


Q 


Hold 


L 


c 


H 


H 


H 


X 


H 


X 


/Q 


Tog polarity 



CHIP 3to8Dmux PAL16R8 



CLK /CLR /PR ABC /LD POL TOG GND 
/OC Q7 0.6 05 0« 03 Q2 Ql 00 VCC 



CLR 

+ /PR* LD*/POL*/C*/B*/A 
+ /PR* LD* POL* A 
+ /PR* LD* POL* B 
+ /PR* LD* POL* C 
+ /PR*/LD*/TOG*/Q0 
+ /PR*/LD* TOG* Q0 

CLR 

+ /PR* LD*/POL*/C*/B* A 
+ /PR* LD* POL* /A 
+ /PR* LD* POL* B 
+ /PR* LD* POL* C 
+ /PR*/LD*/TOG*/Ql 
+ /PR*/LD* TOG* Ql 



/Q2 CLR 

+ /PR* LD*/POL*/C* B*/A 
+ /PR* LD* POL* A 
+ /PR* LD* POL* /B 
+ /PR* LD* POL* C 
+ /PR*/LD*/TOG*/Q2 
+ /PR*/LD* TOG* Q2 

/Q3 :- CLR 

+ /PR* LD*/POL*/C* B* A 
+ /PR* LD* POL* /A 
+ /PR* LD* POL* /B 
+ /PR* LD* POL* C 
+ /PR*/LD*/TOG*/Q3 
+ /PR*/LD* TOG* Q3 

/Q4 CLR 

+ /PR* LD*/P0L* C*/B*/A 
+ /PR* LD* POL* A 
+ /PR* LD* POL* B 
+ /PR* LD* POL*/C 
+ /PR*/LD*/TOG*/Q4 
+ /PR*/LD* TOG* Q4 

/Q5 :- CLR 

+ /PR* LD*/POL* C*/B* A 
+ /PR* LD* POL* /A 
+ /PR* LD* POL* B 
+ /PR* LD* POL*/C 
+ /PR*/LD*/TOG*/Q5 
+ /PR*/LD* TOG* Q5 

/Q6 CLR 

+ /PR* LD*/POL* C* B*/A 
+ /PR* LD* POL* A 
+ /PR* LD* POL* /B 
+■ /PR* LD* POL*/C 
+ /PR*/LD*/TOG*/Q6 
+ /PR*/LD* TOG* Q6 

/Q7 CLR 

+ /PR* LD*/POL* C* B* A 

+ /PR* LD* POL* /A 

+ /PR* LD* POL* /B 

+ /PR* LD* POL*/C 

+ /PR*/LD*/TOG*/Q7 

+ /PR*/LD* TOG* Q7 

SIMULATION 



; Clear Q0 
.•Decode 000 
.■Load true 
;Load true 
;Load true 
;Hold 

.•Toggle polarity 

.•Clear Ql 
;Decode 001 
.■Load true 
;Load true 
;Load true 
;Hold 

.■Toggle polarity 

; Clear Q2 
; Decode 010 
;Load true 
rLoad true 
.•Load true 
;Hold 

;Toggle polarity 

.■Clear Q3 
; Decode 011 
;Load true 
.■Load true 
;Load true 
;Hold 

rToggle polarity 

; Clear Q4 
.•Decode 100 
rLoad true 
.-Load true 
.-Load true 
;Hold 

.•Toggle polarity 

;Clear Q5 
; Decode 101 
;Load true 
;Load true 
.-Load true 
.•Hold 

; Toggle polarity 

rClear Q6 
.-Decode 110 
,-Load true 
;Load true 
;Load true 
.-Hold 

rToggle polarity 

; Clear Q7 
; Decode 111 
;Load true 
;Load true 
.-Load true 
rHold 

rToggle polarity 



TRACE_ON /OC /CLR /PR /LD POL TOG C 
Q7 Q6 Q5 Q4 Q3 Q2 Ql Q0 

SETF OC CLR PR LD POL /TOG 
CLOCKF CLK 
SETF /CLR 
CLOCKF CLK 

SETF /PR /C /B /A 

CLOCKF CLK 

SETF A 

CLOCKF CLK 

SETF B /A 

CLOCKF CLK 

SETF A 

CLOCKF CLK 

SETF /LD 

SETF TOG 

CLOCKF CLK 

CLOCKF CLK 

SETF /POL LD /C /B /A 
CLOCKF CLK 
SETF A 
CLOCKF CLK 
SETF /OC 
CLOCKF CLK 

; Function Table for PALASM1 

OC CLK /CLR /PR /LD POL TOG C B A Q7 Q6 Q5 Q4 Q3 Q2 Ql Q0 



; Clear 
.■Preset 
;Load 
;Load 1 
.-Load 2 
;Load 3 
.-Hold 

.•Toggle polarity 
;Toggle polarity 
;Load complement 
,-Load 1 complement 
;Test HI-Z 



Control Functions 
/OC CLK /CLR /PR /LD 



Polarity 
POL TOG 



Input Output 
CBA Q7 Q0 



L 


C 


L 


L 


L 


H 


L 


XXX 


LLLLLLLL 


Clear 


L 


C 


H 


L 


L 


H 


L 


XXX 


HHHHHHHH 


PRESET 


L 


C 


H 


H 


L 


H 


X 


LLL 


LLLLLLLH 


Load 


L 


C 


H 


H 


L 


H 


X 


LLH 


LLLLLLHL 


Load 1 


L 


C 


H 


H 


L 


H 


X 


LHL 


LLLLLHLL 


Load 2 


L 


c 


H 


H 


L 


H 


X 


LHH 


LLLLHLLL 


Load 3 


L 


c 


H 


H 


L 


H 


X 


HLL 


LL LHL LLL 


Load 4 


L 


c 


H 


H 


L 


H 


X 


HLH 


LLHLLLLL 


Load 5 


L 


c 


H 


H 


L 


H 


X 


HHL 


LHLLLLLL 


Load 6 


It 


c 


H 


H 


L 


H 


X 


HHH 


HLLLLLLL 


Load 7 


L 


c 


H 


M 


H 


X 


L 


XXX 


HLLLLLLL 


Hold 7 


L 


c 


K 




H 


X 


H 


XXX 


LHHHHHHH 


Hold 


L 


c 


H 


H 


H 


X 


H 


XXX 


HLLLLLLL 


Hold 


L 


c 


H 


H 


L 


L 


X 


LLL 


HHH HH HHL 


Load 


L 


c 


H 


H 


L 


L 


X 


LLH 


HHHHHHLH 


Load 1 


L 


c 


H 


H 


L 


L 


X 


LHL 


HHHHHLHH 


Load 2 


L 


c 


H 


H 


L 


L 


X 


LHH 


HHHHLHHH 


Load 3 


L 


c 


H 


H 


L 


L 


X 


HLL 


HHHLHHHH 


Load 4 


L 


c 


H 


H 


L 


L 


X 


HLH 


HHLHHHHH 


Load 5 


L 


c 




H 


L 


L 


X 


HHL 


HLHHHHHH 


Load 6 


L 


c 


H 


H 


L 


L 


X 


HHH 


LHHHHHHH 


Load 7 


L 


c 


H 


H 


H 


X 


L 


XXX 


LHHHHHHH 


Hold 7 


L 


c 


H 


H 


H 


X 


H 


XXX 


HLLLLLLL 


Hold 


L 


c 


H 


H 


H 


X 


H 


XXX 


LHHHHHHH 


Hold 


H 


X 


X 


X 


X 


X 


X 


XXX 


zzzzzzzz 


Test HI 



Simulation Results 



Page 


: 1 








g cgcgcgc 


gcgcgc cgc 


gcg c 


/OC 


LL LLLLLLLL 


LLLLLLLLLL 


LLHHHHH 


/CLR 


LLLLHHHHHH 


HHHHHHHHHH 


HHH HHH H 


/PR 


L LLL LLH HHH 


HHHHHHHHHH 


HHHHHHH 


/LD 


LLLLLLLLLL 


LLLLHHHHLL 


LLLLLLL 


POL 


HHHHHHHHHH 


HHHHHHHH LL 


LLLLLLL 


TOG 


TJ.T.LI.T.TT.T.T, 


LLLLHHHHHH 


HHHHHHH 


C 


XXXXXXLLLL 


LLLLLLLLLL 


LLLLLLL 


B 


XXXXXXLLLL 


HHHHHHHHLL 


LLLLLLL 


A 


XXXXXXLLHH 


LLHHHHHHLL 


HHHHHHH 


Q7 


XXXLLHHLLL 


LLLLLHHLLH 


HHHZZZZ 


Q6 


XXXLLHHLLL 


LLLLLHHLLH 


HHHZZZZ 


Q5 


XXXLLHHLLL 


LLLLLHHLLH 


HHHZZZZ 


Q4 


XXXLLHHLLL 


LLLLLHHLLH 


HHHZZZZ 


Q3 


XXXLLHHLLL 


LLLHHLLHHH 


HHHZZZZ 


Q2 


XXXLLHHLLL 


LHHLLHHLLH 


HHHZZZZ 


Ql 


XXXLLHHLLH 


HLLLLHHLLH 


HLLZZZZ 


QO 


XXXLLHHHHL 


LLLLLHHLLL 


LHHZZZZ 



3-14 Monolithia^M 



Memories 



Octal Latch 



PAL Device Design Specification 

Title octal_Latch 
Pattern 8 latch . pds 
Revision A 

Author Mehrnaz Hada 

Company Monolithic Memories Inc. Santa Clara, CA 

Date 1/15/85 

CHIP OctalLatch PAL20P8E 

/ LATCH Dl DO QO Ql VCC1 Q2 Q3 D3 D2 CLRO GHD 
/ LATCH 1 D6 D7 Q7 Q6 VCC2 Q5 Q4 D4 D5 CLR1 VCC3 



Simulation Results 



QO 


m 


DO 


* 


/CLRO 


* 


LATCHO 


;Load 




+ 


DO 


* 


/CLRO 


* 


QO 


.•Transition 




* 


QO 


* 


/CLRO 


* 


/LATCHO 


;Hold 


Ql 




Dl 




/CLRO 


* 


LATCHO 


;Load 




+ 


Dl 




/CLRO 


* 


Ql 


.•Transition 




+ 


Ql 


* 


/CLRO 


* 


/LATCHO 


;Hold 


Q2 




D2 


* 


/CLRO 


* 


LATCHO 


;Load 




+ 


D2 


* 


/CLRO 


* 


Q2 


.■Transition 




+ 


Q2 


* 


/CLRO 




/LATCHO 


.•Hold 


Q3 




D3 


* 


/CLRO 




LATCHO 


; Load 




+ 


D3 


* 


/CLRO 


* 


Q3 


.•Transition 




+ 


Q3 


* 


/CLRO, 


* 


/LATCHO 


.-Hold 


Q4 




D4 


* 


/CLR1 


* 


LATCH 1 


; Load 




+ 


D4 


* 


/CLR1 


* 


Q4 


.'Transition 




+ 


04 


* 


/CLR1 


* 


/ LATCH 1 


;Hold 






D5 


* 


/CLR1 


* 


LATCH 1 


;Load 


1 


+ 


D5 


* 


/CLR1 


* 


Q5 


; Transition 




+ 


Q5 


* 


/CLR1 




/LATCH1 


.-Hold 


Q6 




D6 


* 


/CLR1 


* 


LATCH 1 


;Load 




+ 


D6 


* 


/CLR1 


* 


Q6 


.•Transtion 




+ 


Q6 


* 


/CLR1 


* 


/ LATCH 1 


;Hold 


Q7 




D7 


* 


/CLR1 


* 


LATCH 1 


;Load 




+ 


D7 


* 


/CLR1 


* 


Q7 


.■Transition 




+ 




* 


/CLR1 


i 


/ LATCH 1 


;Hold 



SIMULATION 

TRACEON CLRO LATCHO QO Ql Q2 Q3 CLR1 LATCH 1 Q4 Q5 Q6 Q7 

SETF CLRO LATCHO DO Dl D2 D3 D4 D5 D6 D7 VCC1 VCC2 VCC3 

SETF CLR1 LATCH 1 ; Clear Latch 

SETF /CLRO /CLR1 i clear Latches 

SETF LATCHO LATCH1 

CHECK QO Ql Q2 Q3 Q4 Q5 Q6 Q7 

SETF /LATCH1 DO /Dl /D2 D3 

SETF /LATCHO LATCH 1 /D4 /D5 /D6 D7 

SETF CLRO CLR1 ; Clear Latches 

SETF /CLRO /CLR1 /LATCHO / LATCH 1 .-Hold values 

SETF CLRO ; Clear Q0,Q1,Q2,Q3 

SETF CLR1 .-Clear Q4,Q5,Q6,Q7 

;The octal latch is an 8-bit latch with load, hold and clear 
.•capability, clear sets all outputs to low and overrides 
,'hold. Load operation loads inputs (D0-D7) into the latch. 
.-The hold operation holds the previous values of (Q0-Q7). 



CLRO 

LATCHO 

QO 

Ql 

Q2 

Q3 

CLR1 

LATCH1 

Q4 

Q5 

Q6 

Q7 



ggggggggg 
HHLLLHLHH 
HHHHLLLLL 
LLHHHLHLL 
LLHLLLLLL 
LLHLLLLLL 
LLHHHLHLL 
XHLLLHLLH 
XHHLHHLLL 
XLHHLLLLL 
XLHHLLLLL 
XLHHLLLLL 
XLHHHLHHL 



Logic Symbol 

LATCHO ^ 
D1 [7 
DO ^ 
QO Q 

01 \T 
VCC1 \T 

02 [7 
03^ 
D3^ 
D2\jo 

CLR0[lT 
GND^2 



I 



24] VCC3 
23] CLR1 
22] D5 
2\\ D4 
2oJ 04 
JjjJ Q5 
JJ] VCC2 
JJJ 06 
j6j Q7 
TJJ 07 
\t\ D6 
JJj LATCH1 



Monolithic FJFJ3 Memories 
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Basic Flip Flops 



PAL Device Design Specification 



Title 

Pattern 

Revision 

Author 

Company 

Date 



Basic Flip Flops 

FlipFlop.pds 

A 

Vincent Coli 

Monolithic Memories Inc., 
2/28/85 



Santa Clara, CA 



CHIP FlipFlop PAL16RP8 



CLK J K T PR CLR D S R GKD 

/OC /SRC /SRT /DC /DT /TC /TT /JKC /JKT VCC 



SETF CLR 
CLOCKF 

SETF /CLR /S /R 

CLOCKF 

SETF S 

CLOCKF 

SETF /S R 

CLOCKF 

SETF /S R 

CLOCKF 

SETF /OC 

CLOCKF 



; Set 
; Reset 
; Hold 
; HI-Z 



: - J*/ JKT*/CLR 
+ /K« JKT«/CLS 
+ PR 

/J« K VPH 
+ /J»/JKT*/PR 
+ K» JKT*/PR 
+ CLR 

T*/TT*/CLR 
+ /T* TT*/CLR 



TC :- /T»/TT*/CLR 
+ T* TT*/PR 
+ CLR 

DT D«/CLR 
+ PR 

DC /D«/PR 
+ CLR 

SRT := S« /CLR 
+ /R* SRTVCLR 
+ PR 

SRC :- /s« R */PR 
+ /S»/SRT*/PR 
+ CLR 



fJK Flio-Flop 
;(JKC - /Q) 
; Preset Q 

;JK Flip-Flop 
; (JK - /Q) 

; Clear /Q 

;T Flip-Flop 
I (TT - Q) 
; Preset Q 

;T Flip-Flop 
; (TC - /0) 
; Clear /Q 

;D Flip-Flop 
; preset Q 

;D Flip-Flop 
; Clear /Q 

; Set-Reset Flip-Flop 
; (SRT - Q) 
; Preset Q 

;Set-Reset Flip-Flop 
I (SRC - /Q) 
; Clear /Q 



Simulation Results 



g eg eg c 
/OC LLLLLLLLLL 
PR LLLLLLLLLL 

J XXXXLLLLLL 
X XXXXLLLHHH 
JKT XXXLLLLLLL 
T XXXXXXXXXX 
TT XXXLLLXXXX 
D XXXXXXXXXX 
DT XXXLLLXXXX 
S XXXXXXXXXX 
R XXXXXXXXXX 
SRT XXXLLLXXXX 



Page 



CLR 
J 



JKT 
T 



SIMULATION 

TRACE_ON /OC PR CLR J K JKT T TT D DT S R SRT 



g eg eg eg 
LLLLLLLLLL 
LLLLLLLLLL 
LLLHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
HHHHHLLLLL 
LLLLLLLLLL 
HHHHHLLLLL 
XXXXXXLLLH 
XXXXXLLLLL 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXLLLLL 



g eg eg eg 

LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHLLLL 
HHHLLLLLLH 
LLHHHHHHHH 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 



eg cgcg c 
LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLH 
LLLLLLLLLL 
LLLLLLLLLL 
HHLLLLLLLL 
LLLLLLLLLL 
XXXXXXXLLL 
XXXXXXXLLL 
LLLLLLLLLL 



eg eg eg 
LLLLLLLLLL 
LLHHHLLLLL 

LLLLLHHHHK 
HHHHHHHHLL 
HLLLHHHLLL 
XXXXXXXXXX 
XXXXHHHXXX 
XXXXXXXXXX 



eg eg eg c 
LLLLLLLLLL 
LLLLLLLLLL 
LHHHLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
HHHLLLHHHH 
XXXXLLLHHH 
XXXLLLLLLH 
XXXXXXXXXX 
XXXLLLXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXLLLXXXX 



g eg egog 

LLLLLLLLHH 

LLLLLLLLLL 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 



LLLLLLLLLL 
LLLLLLLLLZ 
LLLLLLLLLL 
LLLLLLLLLZ 
HHHLLLLLLL 



SETF OC /PR CLR 
CLOCKF 

SETF /CLR /J /K 

CLOCKF 

SETF K 

CLOCKF 

SETF J 

CLOCKF 

SETF /K 

CLOCKF 

SETF /J 

CLOCKF 

SETF K 

CLOCKF 

SETF PR 

CLOCKF 

SETF /PR J K 
CLOCKF 
SETF /K 
CLOCKF 

SETF CLR 
CLOCKF 

SETF /CLR /T 
CLOCKF 
SETF T 
CLOCKF 
SETF /T 
CLOCKF 



SETF CLR 
CLOCKF 
SETF /D 
CLOCKF 
SETF D 
CLOCKF 
SETF /D 
CLOCKF 



Logic Symbol 



; Toggle 



; Preset 
; Toggle 



; Toggle 
; Toggle 



; Clear 
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Monolithic fiHS Memories 



9-Bit Register 



PAL Device Design Specification 

Title 9BitRegister 
Pattern 9BitReg.pds 
Revision A 

Author Vincent Coli/Mehrnaz Hada 

Company Monolithic Memories Inc., Santa Clara, CA 
Date 1/30/85 

This is a design of a 9-bit register with parallel load 
and hold capabilities. The operations of this register are 
ummarized in the following operations table: 

/OC CLK /LD D8-D0 Q8-Q0 Operation 



Simulation Results 



HI-Z 
Hold 
Load 



CHIP 9BitRegister PAL20X10 

CLK DO Dl D2 D3 D4 D5 D6 D7 D8 /LD GND 
/OC NC Q8 Q7 Q6 Q5 Q4 0.3 Q2 Ql 0,0 VCC 



/BO 
/21 
/32 
/Q3 
/Q* 
/as 

/Q6 
/'J7 
/Q8 

SIMULATION 

TRACE_ON /OC CLK /LD D8 D7 D6 D5 D4 D3 D2 Dl DO 
" Q7 Q6 0.5 0.4 03 Q2 Ql QO 

SETF OC LD /D8 /D7 /D6 /D5 /D4 /D3 

/D2 /Dl /DO 
CLOCKF CLK 



/DO* LD 


;Load DO 


/Q0*/LD 


;Hold QO 


/Dl* LD 


;Load Dl 


/Q1*/LD 


,-Hold Ql 


/D2* LD 


;Load D2 


/Q2*/LD 


,-Hold Q2 


/D3* LD 


;Load D3 


/Q3*/LD 


,-Hold Q3 


/D4« LD 


;Load D4 


/Q4*/LD 


;Hold Q4 


/D5* LD 


;Load D5 


/05*/LD 


;Hold Q5 


/D6* LD 


;Load D6 


/Q6*/LD 


;Hold Q6 


/D7* LD 


; Load D7 


/07*/LD 


;Hold Q7 


/D8* LD 


;Load D8 


/Q8*/LD 


;Hold Q8 



SETF /LD 
CLOCKF CLK 

SETF LD D8 D7 D6 D5 D4 D3 D2 Dl DO 
CLOCKF CLK 

SETF /LD 
CLOCKF CLK 

SETF LD /D8 D7 /D6 D5 /D4 D3 /D2 Dl /DO 
CLOCKF CLK 

SETF /LD 
CLOCKF CLK 

SETF LD D8 /D7 D6 /D5 D4 /D3 D2 /Dl DO 
CLOCKF CLK 

SETF /LD 
CLOCKF CLK 

SETF OC 
CLOCKF CLK 

; Function Table for PALASM1 

;/0C CLK D9 D8 D7 D6 D5 D4 D3 D2 Dl DO 
;Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 





Data In 


Data Out 






; Control 


DDDDDDDDDD 


QQQQQQQQQQ 






;/0C CLK 


9876543210 


9876543210 


Comment 


; L C 






Load 


all zeros 


; L L 


xxxxxxxxxx 


LLLLLLLLLL 


Hold 


all zeros 


f L C 


HHHHHHHHHH 


HHHHHHHHHH 


Load 


all ones 


; L L 


XXXXXXXXXX 


HHHHHHHHHH 


Hold 


all ones 


; L C 


HLHLHLHLHL 


HLHLHLHLHL 


Load 


even checkerboard 


; L L 


XXXXXXXXXX 


HLHLHLHLHL 


Hold 


even checkerboard 


; L C 


LHLHLHLHLH 


LHLHLHLHLH 


Load 


odd checkerboard 


; L L 


XXXXXXXXXX 


LHLHLHLHLH 


Hold 


odd checkerboard 


; H X 


XXXXXXXXXX 


ZZZZZZZZZZ 


Test 


HI-Z 



;Load zeros 

;Hold zeros 
;Load ones 
;Hold ones 

;Hold even ones 

;Hold odd ones 
;Test HI-Z 



Page 


: 1 








g cgcgcgc 


gcgcgcgcg 


c 


/OC 


LLLLLLLLLL 


LLLLLLLLHH 


HHH 


CLK 


XXHLHLHLHL 


HLHLHLHLLL 


HHL 


/LD 


LLLLHHLLHH 


LLHHLLHHHH 


HHH 


D8 


LLLLLLHHHH 


LLLLHHHHHH 


HHH 


D7 


LLLLLLHHHH 


HHHHLLLLLL 


LLL 


D6 


LLLLLLHHHH 


LLLLHHHHHH 


HHH 


D5 


LLLLLLHHHH 


HHHHLLLLLL 


LLL 


D4 


LLLLLLHHHH 


LLLLHHHHHH 


HHH 


D3 


LLLLLLHHHH 


HHHHLLLLLL 


LLL 


D2 


LLLLLLHHHH 


LLLLHHHHHH 


HHH 


Dl 


LLLLLLHHHH 


HHHHLLLLLL 


LLL 


DO 


LLLLLLHHHH 


LLLLHHHHHH 


HHH 


Q8 


XXXLLLLHHH 


HLLLLHHHHZ 


ZZZ 


Q7 


XXXLLLLHHH 


HHHHHLLLLZ 


ZZZ 


Q6 


XXXLLLLHHH 


HLLLLHHHHZ 


ZZZ 


Q5 


XXXLLLLHHH 


HHHHHLLLLZ 


ZZZ 


Q4 


XXXLLLLHHH 


HLLLLHHHHZ 


ZZZ 


Q3 


XXXLLLLHHH 


HHHHHLLLLZ 


ZZZ 


Q2 


XXXLLLLHHH 


HLLLLHHHHZ 


ZZZ 


Ql 


XXXLLLLHHH 


HHHHHLLLLZ 


ZZZ 


QO 


XXXLLLLHHH 




ZZZ 
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Revision A 

Author Vincent Coli/Mehrnaz Hada 

Company Monolithic Memories Inc., Santa Clara, CA 
Date 1/28/85 

The 10-bit register loads the data (D9-D0) on the rising 
edge of the clock(CLK) into the register(09-Q0) . The data 
is held in the register until the next posiyive edge of 
the clock. 



/OC CLK D9-D0 Q9-Q0 



Operation 



HI-Z 
Load 
Hold 



CHIP lOBitReg PAL20X10 



CLK DO Dl D2 D3 D4 D5 D6 D7 D8 D9 GND 
/OC 0.9 08 07 Q6 Q5 Q4 03 Q2 01 Q0 VCC 



/OC 
CLK 
09 
08 
Q7 
Q6 
05 
04 
03 
Q2 
Ql 
Q0 
D9 
D8 
D7 
D6 
D5 



g eg eg 

XXHHLLHLLH 

XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 
XXXLLLLHHH 



LLLLLHHHLL 
LLLLLHHHHH 
LLLLLHHHLL 
LLLLLHHHHH 
LLLLLHHHLL 
LLLLLHHHHH 
LLLLLHHHLL 
LLLLLHHHHH 
LLLLLHHHLL 



eg eg c 
LLLLLHHHHH 
HLLHLLLHHL 
HHHHLLZ Z Z Z 
LLLLHHZZZZ 
HHHHLLZZZZ 
LLLLHHZZZZ 
HHHHLLZZZZ 
LLLLHHZZZZ 
HHHHLLZZZZ 
LLLLHHZZZZ 
HHHHLLZZZZ 
LLLLHHZZZZ 



HHLLLLLLLL 
LLHHHHHHHH 
HHLLLLLLLL 
LLHHHHHHHH 
HHLLLLLLLL 
LLHHHHHHHH 
HHLLLLLLLL 
LLHHHHHHHH 



/CO 


:= /DO 


;Load DO 


/Ql 


:- /Dl 


;Load Dl 


/02 


:- /D2 


;Load D2 


/Q3 


:- /D3 


;Load D3 


/Q4 


/D« 


,'Load D4 


/Q5 


:= /D5 


;Load D5 


/Q6 


/D6 


;Load D6 


/Q7 


/D7 


.•Load D7 


/Q8 


/D8 


;Load D8 


/Q9 


:- /D9 


;Load D9 



SIMULATION 

TRACE_ON /OC CLK 09 08 Q7 Q6 Q5 04 Q3 02 Ql QO 
D9 D8 D7 D6 D5 D4 D3 D2 Dl DO 

SETF OC /D9 /D8 /D7 /D6 /D5 /D4 /D3 /D2 /Dl /DO 

CLOCKF CLK .-Load all zeros 

SETF D9 D8 D7 D6 D5 D4 D3 D2 Dl DO 

CLOCKF CLK ; Load all ones 

SETF D9 /D8 D7 /D6 D5 /D4 D3 /D2 Dl /DO 
CLOCKF CLK 

SETF /D9 D8 /D7 D6 /D5 D4 /D3 D2 /Dl DO 
CLOCKF CLK 



SETF /OC 
CLOCKF CLK 



;Function Table for PALASM1 




;/OC CLK D9 D8 D7 D6 D5 D4 D3 D2 Dl DO 
;Q9 08 Q7 06 05 Q4 03 Q2 01 QO 



; 




Data In 


Data Out 








; Control 


DDDDDDDDDD 


QQQQQQQQQQ 








;/oc 


CLK 


9876543210 


9876543210 


Comment 




; L 


C 




LLLLLLLLLL 


Load 


all 


zeros 


; l 


L 


xxxxxxxxxx 


LLLLLLLLLL 


Hold 


all 


zeros 


; L 


C 


HHHHHHHHHH 


HHHHHHHHHH 


Load 


all 


ones 


; l 


L 


xxxxxxxxxx 


HHHHHHHHHH 


Hold 


all 


ones 


; L 


C 


HLHLHLHLHL 


HLHLHLHLHL 


Load 


even 


checkerboard 


; L 


L 


xxxxxxxxxx 


HLHLHLHLHL 


Hold 


even 


checkerboard 


; L 


C 


LHLHLHLHLH 


LHLHLHLHLH 


Load 


odd 


checkerboard 


; L 


L 


xxxxxxxxxx 


LHLHLHLHLH 


Hold 


odd 


checkerboard 


; H 


X 


xxxxxxxxxx 


ZZZZ2ZZZZZ 


Test 


HI-Z 





Pattern 

Revision 

Author 

Company 

Date 



Barrel. pds 
A 

Mehrnaz Hada 

Monolithic Memories Inc. 

1/15/85 



Santa Clara, CA 



The 16-bit barrel shifter will shift 16 bits of data 
(D15-D0) a number of locations into the output pins, ai 
specified by the binary encoded input. A compacted 
equation can be used to specify this design. It can be 
specified as following: 

;Q[J=0..15] := 

OR[K-0. .15] (D[ (J+K)-( (J+K)/16) *16] *BIN [K, 1=3 . . 0]: 

Inputs are shown by D. si are shift amount inputs and 
Qj are outputs. 16 product terms in each output pair 
are directed to one output; thus only 16 out of 32 
output pins are used. 

CHIP BarrelShift PAL64R32 

D7 D6 D5 D4 D3 D2 Dl DO /PL1 /PS1 GND CLK1 
/OC1 QO NC Ql NC 0.2 NC 0.3 NC Q4 NC Q5 NC Q6 
NC Q7 NC /0C2 CLK2 VCC /PS2 /PL2 NC NC NC 
NC NC SO SI S2 S3 NC NC NC NC NC NC NC 
/PL3 /PS3 GND CLK3 /0C3 NC Q8 NC Q9 NC Q10 
NC Qll NC Q12 NC Q13 NC Q14 NC Q15 /0C4 
CLK4 VCC /PS4 /PL4 D15 D14 D13 D12 Dll D10 
D9 D8 



QO /S3 * /S2 

+ /S3 * /S2 

+ /S3 * /S2 

+ /S3 * /S2 

+ /S3 * S2 

+ /S3 * S2 

+ /S3 * S2 

+ /S3 * S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * S2 

+ S3 * S2 

+ S3 * S2 

+ S3 * S2 

(31 := /S3 * /S2 

+ /S3 * /S2 

+ /S3 * /S2 

+ /S3 * /S2 

+ /S3 * S2 

+ /S3 * S2 

+ /S3 » S2 

+ /S3 » S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 » S2 

+ S3 * S2 

+ S3 * S2 

♦ S3 * S2 

Q2 := /S3 * /S2 

+ /S3 * /S2 

+ /S3 * /S2 

+ /S3 * /S2 

+ /S3 * S2 

+ /S3 * S2 

+ /S3 » S2 

+ /S3 * S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * /S2 

+ S3 * S2 



S3 



* /SI » /SO 

* /SI * SO 

* SI * /SO 

* SI * SO 

* /SI * /SO 

* /SI * SO 

* SI * /so 

* SI * so 

* /SI • /so 

* /si * so 

* si * /so 

* SI * so 

* /SI * /so 

* /si * so 

* si * /so 



SI 

* /SI 

* /SI 

* SI 

* SI 

* /SI 

* /SI 

* SI 

* SI 
« /SI 

* /SI 

* SI 
» SI 

* /SI 

* /SI 

* SI 



so 

» /so 
» so 
* /so 



• /so 

* so 
» /so 



D10 
Dll 
D12 
D13 
D14 
D15 

» Dl 

* D2 

* D3 

* D4 

* D5 

* D6 

* D7 

* D8 

* D9 

* D10 

* Dll 
» D12 
» D13 
» D14 

* D15 



SI * SO * DO 



S2 



S3 * S2 
S3 « S2 

/S3 * /S2 
/S3 * /S2 
/S3 * /S2 
/S3 * /S2 
/S3 * S2 
/S3 * S2 
/S3 « S2 
/S3 * S2 
S3 * /S2 
S3 » /S2 
S3 * /S2 
S3 * /S2 



/SI 
/SI 
SI 
SI 

/si 
/si 



/SI 

/si 



/SI 

/si 



SI * 



/so 
so 

/so 
so 

/so 



D2 
D3 



/SO 
SO 



D7 
D8 
D9 

* D10 

* Dll 

* D12 

* D13 

* D14 

* D15 

* DO 

* Dl 



» /SI * /SO * D3 

* /SI * SO * D4 

* SI * /SO * D5 

* SI * SO * D6 

* /SI * /SO * D7 

* /SI * SO * D8 

* SI • /SO * D9 

* SI * SO * D10 

* /SI * /SO * Dll 

* /SI * SO * D12 

* SI * /SO ♦ D13 
» SI * SO * D14 



No shift 
Shift 1 space 
Shift 2 spaces 
Shift 3 spaces 
Shift 4 spaces 
Shift 5 spaces 
Shift 6 spaces 
Shift 7 spaces 
Shift 8 spaces 
Shift 9 spaces 
Shift 10 spaces 
shift 11 spaces 
Shift 12 spaces 
Shift 13 spaces 
Shift 14 spaces 
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SIMULATION 

TRACE ON CLK1 CLK2 CLK3 CLK4 0C1 0C2 0C3 0C4 
PL1 PL2 PL3 PL4 PS1 PS 2 PS 3 PS4 S3 
S2 SI SO DO Dl D2 D3 D4 D5 D6 D7 D8 
D9 D10 Dll D12 D13 D14 D15 00 0.1 Q2 
Q3 Q4 Q5 Q6 Q7 Q8 09 Q10 Qll Q12 Q13 
Q14 Q15 

SETF 0C1 0C2 0C3 0C4 /PS1 /PS2 /PS3 /PS4 

/PL1 /PL2 /PL3 /PL4 /S3 /S2 /SI /SO DO 
/Dl /D2 /D3 /D4 /D5 /D6 /D7 /D8 /D9 /D10 
/Dll /D12 /D13 /D14 /D15 

CLOCKF CLK1 CLK2 CLK3 CLK4 ; Clock 

SETF /S3 /S2 /SI SO ;Shift 1 

CLOCKF CLK1 CLK2 CLK3 CLX4 

SETF /S3 /S2 SI /SO ;Shift 2 

CLOCKF CLK1 CLK2 CLK3 CLK4 

SETF /S3 /S2 SI SO ;Shift 3 

CLOCKF CLK1 CLK2 CLK3 CLK4 

SETF /S3 S2 /SI /SO ,-Shift 4 

CLOCKF CLK1 CLK2 CLK3 CLK4 

SETF /S3 S2 /SI SO ,-Shift 5 

CLOCKF CLK1 CLK2 CLK3 CLK4 

SETF /S3 S2 SI /SO ;Shift 6 

CLOCKF CLK1 CLK2 CLK3 CLK4 

SETF /S3 S2 SI SO ;Shift 7 

CLOCKF CLK1 CLK2 CLK3 CLK4 

SETF S3 /S2 /SI /SO ;Shift 8 

CLOCKF CLK1 CLK2 CLK3 CLK4 

;The 16-bit barrel shifter will shift 16 bits of data 
; (D15-D0) a number of locations into the output pins, as 
; specified by the binary encoded input. A compacted 
; equation can be used to specify this design. It can be 
; specified as following: 

; 

;Q[J=0..15] := 

; OR[K=0. .15] (D[ (J+K)-( (J+K)/16)*16]*BIN[K,I=3. .0]S(I) ) 

; 

;Inputs are shown by D. si are shift amount inputs and 
;Qj are outputs. 16 product terms in each output pair 
;are directed to one output; thuB only 16 out of 32 
.•output pins are used. 



Simulation Results 
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1 6-Bit Addressable Register 



PAL Device Design Specification 

TITLE 16-BIT ADDRESSABLE REGISTER 

PATTERS ADREG16 . PDS 

REVISION A 

AUTHOR John Birkner 

COMPANY Monolithic Memories Inc. Santa Clara, CA 
DATE 2/11/85 

i The 16-bit addressable register loads one of 16 registers 

1 selected by ADDR[0..3J with data input, DATA. 
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SIMULATION 



CHIP ADREG16 PAL32R16 

QO Ql Q2 Q3 /El NC NC AO Al VCC A2 A3 DATA NC /PRLD2 CLK2 

Q4 Q5 Q6 Q7 Q8 Q9 Q10 Qll /E2 NC NC NC NC GND NC NC NC NC /PRLD1 CLK1 

Q12 Q13 Q14 Q15 



SETF El E2 /DATA /PRLD1 /PRLD2 



■ AO *QjO 
Al *Q0 
A2 *Q0 
A3*Q0 

/A0*/A1*/A2 */A3 -DATA 

' /AO *Q1 
Al *Q1 
A2 *Q1 
A3*Q1 
A0*/A1*/A2*/A3*DATA 

*Q2 
*Q2 
*Q2 
A3*Q2 

/AO* A1*/A2*/*3*DATA 

*Q3 
*Q3 
*Q3 
A3*Q3 
A1*/A2*/A3*DATA 



/Al 



/Al 



AO* 



: - AO *Q4 
+ Al *Q4 

+ /A2 *Q4 

+ A3*Q4 
+ /A0*/A1* A2*/A3*DATA 



/AO 



*Q5 
*Q5 
/A2 *Q5 
A3*Q5 
AO*/Al* A2 */A3 "DATA 

AO *Q6 
/Al *Q6 
/A2 *Q« 
A3*Q6 

/AO* Al* A2*/A3*DATA 

! /AO *Q7 
/Al *Q7 
/A2 *07 
A3*Q7 
AO* Al* A2*/A3*DATA 

■ AO *QB 
Al *Q8 
A2 *Q8 
/A3*Q8 
/A0*/A1*/A2* A3 *DATA 



■ /AO 



*Q9 
*Q9 

K2 *Q9 
/A3*Q9 
A0*/A1*/A2* A3 *DATA 

AO 



/Al 



*Q10 
*Q10 
*Q10 
/A3*Q10 
/AO* Al*/A2* A3* DATA 



/AO 



/Al 



AO* 



•Qll 
*Q11 
*Q11 
/A3*Q11 
Al*/A2* A3*DATA 



■ AO *Q12 
Al *Q12 
/A2 *Q12 
/A3*Q12 
/A0*/A1* A2* A3* DATA 

' /AO *Q13 
Al *Q13 
/A2 *Q13 
/A3*Q13 
A0*/A1* A2* A3* DATA 



AC 



*Q14 

/Al *Q14 
/A2 *Q1« 



;hold 
;hold 
;hold 
;hold 
;load 

;hold 
;hold 
;hold 
;hold 
;load 

;hold 
;hold 
;hold 
;hold 
;load 

;hold 
;hold 
;hold 
;hold 
; load 

,-hold 
;hold 
;hold 
;hold 
; load 

rhold 
;hold 
•■hold 
;hold 
;load 

,-hold 
;hold 
;hold 
.-hold 
; load 

;hold 
ihold 
;hold 
;hold 
; load 

;hold 
;hold 
;hold 
,-hold 
; load 

,-hold 
;hold 
;hold 
,-hold 
; load 

rhold 
f hold 
;hold 
,-hold 
; load 

;hold 
ihold 
jhold 
;hold 
f load 

;hold 
fhold 
rhold 
;hold 
fload 

rhold 
;hold 
,-hold 
,-hold 
I load 

: hold 
ihold 
,-hold 



SETF AO Al A2 /A3 
CLOCKF CLK1 CLK2 



SETF AO /Al /A2 
CLOCKF CLK1 CLK2 



SETF /AO /Al A2 
CLOCKF CLK1 CLK2 



SETF /AO Al A2 A3 
CLOCKF CLK1 CLK2 



SETF /AO /Al /A2 /A3 
CLOCKF CLK1 CLK2 



Simulation Results 



Q10 
Qll 
Q12 
0.13 
QJ-4 
Q15 



g g cgcgcg 
XXXXLLLLLL 
XXXXXXLLLL 
XXXXXXXXLL 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXLLLHHLLH 



cgogcgcgcg 
LLLLLLLLLL 

T.T.T.T. T.T.T.T. T.T. 

LLLLLLLLLL 

T.T.T.T.T.T.T.T.T.T. 

XXLLLLLLLL 
XXXXLLLLLL 
XXXXXXLLLL 
XXXXXXXXLL 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
HLLHHLLHHL 
HLLLLHHHHL 



cgcgcgcgcg 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 

LLLLLLLLLL 
LLLLLLLLLL 
XXLLLLLLLL 
XXXXLLLLLL 
XXXXXXLLLL 
XXXXXXXXLL 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
LHHLLHHLLH 
LLLHHHHLLL 
LLLLLLLHKH 



cgcgcgc 
LLLLLLH 
LLLLLLL 
LLLLLLL 
LLLLLLL 
LLLLLLL 
LLLLLLL 
LLLLLLL 
LLLLLLL 
LLLLLLL 
TJJTiT i LT - 
T-LTJJ - T-T- 
LLLLLLL 



LLLLLLL 
XXLLLLL 
XXXXLLL 
HLLHHLL 
LKHHHLL 
HHHHHLL 



DATA T.t.t.t.tj . t .t. t .t. T[ T iTiT i T-T - TfTfTTi LT - LLL T J - L I- L LLLLLHH 
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IC) - COPYRIGHT MONLITHIC 



Title 

Pattern 

Revision 

Author 

Company 

Date 



Monolithic 
2/11/85 



98 -X X 

99 X X- 

100 X X— X X X 

101 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

102 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

103 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

104 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

105 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

106 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

107 X X— X X--X 

108 X X 

109 -X X 



-X X— X x— X 

. XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

I XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

i XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

i XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

I XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

. -X X— X S — X 

— X — 



x-x— 



123 
12* 
125 
126 

127 



XXXXXXXX 
; XXXXXXXX 
' XXXXXXXX 
I XXXXXXXX 

XXXXXXXX 
: xxxxxxxx 



XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 



XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 



XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 



XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 



XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 



XXXXXXXX XXXXX 
XXXXXXXX XXXXX 
XXXXXXXX XXXXX 
XXXXXXXX XXXXX 
XXXXXXXX XXXXX 
XXXXXXXX XXXXX 



19 X X 

20 -X X — X X 

21 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

22 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

23 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

24 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

25 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

26 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 



27 ■ 

2S ■ 



■ X 



TOTAL FUSES BLOWN: 500B 



34 -X 

35 x 

37 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX xxxxx: 

38 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxx: 

39 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx XXXXXXXX ] 

40 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX : 

41 XXXXXXXX XXXXXXXX XXXXXXXX 3 
4 2 XXXXXXXX xxxxxxxx xxxxxxxx : 
43 X— X X 



XXXXX 
XXXXX 
XXXXX 



44 ■ 

45 ■ 



— X- 



■ X 



i XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

, XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

i XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

\ XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

' XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

I XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 



68 -X- 
69 



XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 



7 xxxxxxxx 

71 XXXXXXXX 

72 XXXXXXXX 
7 3 XXXXXXXX 

74 XXXXXXXX 

75 -X--X 

76 X — 

77 X 



83 X X 

84 -X--X X X 

85 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

86 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

87 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

88 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

89 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

90 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX XXXXX 

91 _x— X X — -X 



92 
93 X- 



--X- 
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Monolithic RED Memories 



Figure 1 illustrates a simple traffic intersection 
consisting of two one-way streets, direction 1 and 
direction 2. Each direction has a signal consisting of 
red, yellow, and green lamps which are activated with 
appropriately named active high signals. Also each 
direction has a sensor which provides an active high 
signal indicating the presence of an oncoming vehicle. 
Our controller is to manage this intersection with the 
sensors as inputs and the lamps as outputs, as shown in 
Figure 2. 



" CN -w 
Q -J ? 

I I I 



ooo 



o 


— RED1 


o 


— YEL1 


o 


— GRN1 


r 


SEN2 






SEN1 *SEN2 



Figure 3. State Diagram — Traffic Signal Controller 



Figure 1. Traffic Intersection 



Figure 2 also includes the system clock and an initialize 
(or reset) signal, which drives the controller to a pre- 
defined initial state. This raises two important issues 
in designing sequential logic with PAL devices. First, 
all circuit implementations of sequential logic with PAL 
devices are totally synchronous. This implies that all 
state variables (flip-flops) change at the same time, 
precisely after the rising edge of the clock. Second, 
PAL sequential logic designs should include a means for 
initialization to implement test programs and ensure 
reliable circuit operation. The specifics of the controller 
operations are detailed with a state diagram shown in 
Figure 3 . 



Each circle in Figure 3 represents a stable state, i.e. an 
output configuration lasting at least one clock cycle. 
Inside the circles is the name of the state (S0-S7) and 
the outputs associated with that state. For the sake of 
simplicity in the state diagram, the transitions involving 
INIT are omitted; INIT simply drives the circuit to so 
from any state, regardless of other inputs. 



Since RED1 = / RED2, RED1 is implemented with one flip-flop 
and RED2 with an external inverter. 



SEN1 - 
SEN2 ■ 
INIT 



TRAFFIC 
SIGNAL 
CONTROLLER 



- RE01 
-RED2 
-YEL1 
-YEL2 
-GRN1 
-GRN2 



Figure 2. Traffic Signal Controller 
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Traffic Signal Controller 



PAL Device Design Specification 

TITLE TRAFFIC SIGNAL CONTROLLER 

PATTERN TRAFFI C 1 . PDS 

REVISION A 

AUTHOR KELVIN CHOW 

COMPANY MONOLITHIC MEMORIES INC., SANTA CLARA 

DATE 2/28/85 

CHIP TRAFFIC PAL16RP8 

CLK SEN1 SEN2 INIT NC NC NC NC NC GND 
/OE 0.2 0.1 QO Rl VI Gl Y2 G2 VCC 



STRING II 
STRING 12 
STRING 13 
STRING 14 
STRING 15 

STATE 



/SEN1»/SEN2*/INIT 

/SEN1*SEN2*/INIT 

SEN1«/SEN2*/INIT 

SEN1*SEN2»/INIT 

INIT 



eg c 



CLK XXHLHHLLHL 
INIT HHHHHHHLLL 
SEN1 XXXXXXXLLL 
SEN2 XXXXXXXLLL 
Rl XXXXXLLLLL 
Yl XXXXXLLLLL 
Gl XXXXXHHHHH HHHHHHHHLL 
Y2 XXXXXLLLLL LLLLLLLLLL 
G2 XXXXXLLLLL LLLLLLLLLL 



g eg eg eg 
LHLLHLLHLL 
LLLLLLLLLL 
HHHLLLHHHL 
LLLHHHHHHL 
LLLLLLLLLL 



cgccc ccc c 
HLLHLHLHLH LHLHLHHL 
LLLLLLLLLL LLLLLLLL 
LLLLLLLLLL T,T,T,LT,T,T.T. 
LLHHHHHKKH HHHHHHHH 
LHHHHHHHHH LLLLLLHH 
HLLLLLLLLL LLLLHHLL 
LLLLLLLLLL HHHHLLLL 
LLLLLLLLHH LLLLLLLL 
LHHHHHHHLL LLLLLLHH 



- BIN[4] (R1,Y1,G1,Y2,G2) 

- BIN[4] (R1,Y1,G1,Y2,G2) 

- BIN[4] (R1,Y1,G1,Y2,G2) 

- BIN [ 8 ] (Rl , Yl , Gl , Y2 , G2 ) 

- BIN[17] (R1,Y1,G1,Y2,G2) 

- BIN[17] (R1,Y1,G1,Y2,G2) 

- BIN[17] (R1,Y1,G1,Y2,G2) 
= BIN[18] (R1,Y1,G1,Y2,G2) 



S3 
S4 



- I1"S1 

- I1*S2 

- I1«S3 
= I1*S4 



I2*S2 
I2*S2 
I2*S3 
I2*S4 



- I1»S5 + I2*S4 
= I1*S6 + I2*S6 
= I1*S7 + I2*S7 
= I1*S0 + I2*S0 



I3*S0 
I3»S2 
I3*S3 
I3*S4 
I3*S6 
I3*S6 
I3*S7 
I3»SO 



I4*S1 
I4*S2 
I4*S3 
I4*S4 
I4*S5 
I4*S6 
I4*S7 
I4*S0 



SIMULATION 



I5*S0 
I5*S0 
I5*S0 
I5*S0 
I5«S0 
I5*S0 
I5*S0 
I5*S0 



Logic Symbol 



TRACEON CLK INIT SEN1 SEN2 Rl Yl Gl Y2 G2 

SETF OE INIT 

CLOCKF 

CLOCKF 

CHECK /Rl /Yl Gl /Y2 /G2 

SETF /INIT /SEN1 /SEN2 
CLOCKF 

SETF SEN1 /SEN2 
CLOCKF 

CHECK /Rl /Yl Gl /Y2 /G2 

SETF /SEN1 SEN2 
CLOCKF 

CHECK /Rl /Yl Gl /Y2 /G2 

SETF SEN1 SEN2 
CLOCKF 

CHECK /Rl Yl /Gl /Y2 /G2 

SETF /SEN1 /SEN2 
CLOCKF 

CHECK Rl /Yl /Gl /Y2 G2 

SETF /SEN1 SEN2 

CLOCKF 

CHECK Rl G2 

CLOCKF 
CHECK Rl G2 




CLOCKF 

CHECK Rl /Yl /Gl Y2 /G2 
CLOCKF 

CHECK /Rl /Yl Gl /Y2 /G2 

CLOCKF 
CLOCKF 
CLOCKF 
CLOCKF 

; This simulation was done using the alpha release version 
; of Palasm2 software. 



Memory Handshake Logic 



State Machine Design Example 

A typical control logic problem is the memory-to-processor 
handshake on memory transfer used in many computer archi- 
tectures. The processor makes a transfer request by activating a 
request line (REQ) and specifies a read or write operation on a 
Read/Write line (R/W). 

During a read operation, the processor waits for a Data Available 
signal at which time the data bus is sampled and the request line 
lowered, thus completing the cycle. During a write operation, the 
processor places data on the bus and waits for a Write Complete 
signal after the write cycle is finished. Upon write complete, the 



».( WAIT U 

)«RW*ADDR /C T\rEQ»RW» 
~- Den _l Anno * 




[ HEAD2 1 
\ ^~r^ REQ • RW • 



REQ + RW + ADDR 



REQ • RW • ADDR 



REQ + RD + ADDR 

Figure 1. State Diagram — Memory Handshake Logic 




STATE 


DOUT 


DA 


WE 


wc 


CO 


C1 


WAIT 




















READ1 


1 

















READ2 


1 


1 














READ3 




















COUNT1 













1 





COUNT2 
















1 


COUNT3 













1 


1 


WRITE1 



















WRITE2 










1 








WRITE3 











1 









request line is lowered, hence completing the cycle. Table 1 
shows the state assignments and the appropriate outputs. The 
state diagram is shown in Figure 1. Also the handshaking 
operation is illustrated in the timing diagram of Figure 2. 

The memory-board logic to implement this function may be 
designed with gates and edge-triggered flip-flops as shown in 
Figure 3. This particular design would require about five SSI/MSI 
packages, but the same design can be implemented by a single 
PAL16RP6. The PAL design specification using state equations 
is shown on the next page. 




Figure 2. Memory Handshake Timing 



REQ 

R/W 



DATA 
OUT 
ENABLE 




Figure 3. Memory Handshake Logic 
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SANTA CLARA, CA 



*xm£. NLnutll tlAftUSftAK£ LVU1L 

PATTERN MEMORY 1 . PDS 

REVISION A 

AUTHOR KELVIN CHOW 

COMPANY MONOLITHIC MEMORIES INC. 

DATE 2/28/85 

CHIP MEMORY PAL16RP6 

CLK ADDR1 ADDR2 ADDR3 ADDR4 REQ RW INIT NC GND 
/OE NC /WC CI CO /WE /DA /DOUT NC VCC 

STRING II 1 REQ*RW*ADDR1*ADDR2*ADDR3*ADDR4*/INIT ' 

STRING 12 1 REQ*/RW*ADDR1*ADDR2 *ADDR3*ADDR4 */INIT 1 

STRING 13 1 (/REQ+/ADDR1+/ADDR2+/ADDR3+/ADDR4) « /INIT 1 

STRING 14 ' (/REQ+/RW+/ADDR1+/ADDR2+/ADDR3+/ADDR4 ) * /INIT 

STRING 15 ' INIT ' 

STATE 

WAIT = BIN[0] (DOUT,DA,WE,WC,CO,C1) 

READ1 = BIN[32] (DOUT, DA, WE , WC, CO, CI) 

READ2 - BIN[48) {DOUT, DA, WE, WC, CO , CI) 

READ3 - BIN[0] ( DOUT , DA, WE , WC , CO , CI) 

WRITE1 - BIN[8) (DOUT, DA, WE, WC, CO, CI) 

COUNT1 - BIN[10] (DOUT, DA, WE, WC, CO, CI) 

COUNT2 - BIN[9] (DOUT, DA, WE, WC, CO, CI) 

COUNT3 - BIN[11) (DOUT, DA, WE, WC, CO, CI) 

WRITE2 - BINC12) (DOUT, DA, WE, WC, CO, CI) 

WRITE3 - BIN[4) (DOUT, DA, WE, WC, CO, CI) 

EQUATIONS 

WAIT 

READ1 

READ2 

READ3 

WRITE 1 

COUNT1 

COUNT2 

COUNT3 

WRITE2 

WRITE3 



Page 


1 










g eg c 


c c eg eg 


c c c c 


c eg c c 


CLK 


XXHLLHHLHH 


LHLHLLHHLL 


HHLHLHLHLH 


LHLLHLHL 


REQ 


LLLLHHHHHH 


HHHHHLLLLH 


HHHHHHHHHH 


HHHLLLLL 


RW 


HHHHHHHHHH 


HHHHHHHHHL 


LLLLLLLLLL 


LLLLLLLL 


/DOUT 


XXXHHHLLLL 


LLLLLLLHHH 


HHHHHHHHHH 


HHHHHHHH 


/DA 


XXXHHHHHHL 


LLLLLLLHHH 


HHHHHHHHHH 


HHHHHHHH 


/WE 


XXXHHHHHHH 


HHHHHHHHHH 


HLLLLLLLLL 


LLHHHHHH 


/WC 




HHHHHHHHHH 


HHHHHHHHHH 


LLHHHHHH 













I2*WRITE1 
I 5 "WAIT 
I4«READ2 K 
I5*WAIT 
I4*READ3 < 
I5«WAIT 
I1*READ3 H 
I5*WAIT 
I4*COUNTl 
I5*WAIT 
I4*COUNT2 
I5*WAIT 
I4*COUNT3 
I5*WAIT 
I4*WRITE2 
I5*WAIT 
I4*WRITE3 
I5*WAIT 
I1«WRITE3 
I5*WAIT 



+ I1*READ1 ■ 
I3*READ2 + 
I3»READ3 + 
I4*WAIT 
+ I3*COUNTl 
+ I3*COUNT2 
+ I3*COUNT3 
+ I3*WRITE2 
+ I3*WRITE3 
+ I4*WAIT 



I3*WAIT 
I2»READ2 + I1«READ2 
I2*READ3 + I1*READ3 

+ I2*COUNTl + Il*COUNTl 
+ I2*COUNT2 + Il*COUNT2 
+ I2*COUNT3 + Il*COUNT3 
+ I2*WRITE2 + I1*WRITE2 
+ I2*WRITE3 + I1*WRITE3 



Logic Symbol 



SIMULATION 

TRACEON REQ RW CLK /DOUT /DA /WE /WC 

SETF INIT /REQ OE RW ADDR1 ADDR2 ADDR3 ADDR4 
CLOCKF CLK 
CHECK /DOUT 

SETF REQ /INIT 

CLOCKF 

CLOCKF 

CLOCKF 

CLOCKF 

CHECK DOUT DA 

SETF /REQ 
CLOCKF 

CHECK /DOUT /DA 

SETF REQ /RW 

CLOCKF 

CLOCKF 

CLOCKF 

CLOCKF 

CLOCKF 

CLOCKF 

SETF /REQ 
CLOCKF 
CLOCKF 
CLOCKF 

; This simulation was done using the alpha release version of 
; Palasm2 software. 
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Monolithic EKI1 Memories 



4-Bit Counter 



PAL Device Design Specification 



Title 4Bit_Counter 

Pattern 4cnt.pds 

Revision A 

Author Mehrnaz Hada 

company Monolithic Memories Inc. 

Date 1/14/85 

CHIP 4BitCounter PAL16RP4 

CLK UP AI BI CI DI CLR LOAD NC GND 
/OC NC NC D C B A NC NC VCC 

EQUATIONS 

A 



Santa Clara, CA 



= /AVB*/C*/D*/UP«/LOAD«/CLR 
+ /A* B* C» D* UPVLOADVCLR 
+ A* B* /D*/OP*/IOAD«/CLR 
+ A*/B* C* UP«/LOAD*/CLR 
+ A* /C* UPVLOADVCLR 
+ A* D*/UP»/LOAD*/CIH 
+ LOADVCLP.* AI 



/B*/C*/DVDP*/LOAD»/CLK 
/B* C* D» UP*/LOAD«/CLR 
B* C*/D* /LOAD*/CLR 
B*/C* UP*/LOAD*/CLR 
B* D*/UP*/LOAD*/CLH 

LOAD*/CLR* BI 



/C*/D«/UP«/LOAD*/CLR 
/C* D* UP*/LOAD*/CLR 
C*/D* UP*/LOAD*/CLR 
C* D*/UP«/LOAD*/CLR 

LOAD*/CLR* CI 



/D» 



/LOAD*/CLR 
LOAD*/CLR* DI 



SETF LOAD /CLR AI BI CI DI OC 
CLOCKF CLK 



SETF CLR 
CLOCKF CLK 



SETF /CLR UP /LOAD 

FOR Is- 1 TO 16 DO 
BEGIN 

CLOCKF CLK 
END 



.•When CLR-1, A»0. 
.-Else it will count 
;UP or DOWN. 



;New value is loaded 
;when LOAD-1, CLR-O. 



.'When CLR=»1, B=o. 
;Else it will count. 



;New value is loaded 
;when LOAD-1, CLR=0 . 

;When CLR=»1, c-0. 
;Else it will count. 



,-New value is loaded 
.■when LOAD=l, CLR-O. 

f Count 

.-New value is loaded 
.-when LOAD-1, CLR»0. 



SIMULATION 

TRACE_ON AI BI CI DI LOAD CLR UP ABC 



;Load all registers 
;to HIGH and count up 

;clear all registers 

; Start Counting up 

rCount up 16 clock 
; cycles 



Page 


1 


AI 


g cgcgc c 


HHHHHHHHHH 


BI 




CI 


HHHHHHHHHH 


DI 


HHHHHHHHHH 


LOAD 


HHHHHHLLLL 


CLR 


LLLLHHLLLL 


UP 


XXXXXXHHHH 


A 


XXXHHLLLLL 


3 


XXXHHLLLLL 


C 


XXXHHLLLLH 


D 


YVVHHTJ .RMT. 



ccccc ccccc ccc cgc 
HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH 



HHHHHHHHHH HHHHHHHHHH 

T.T.T.T.T.T.T.T.T.T. T.T.T.T.T.T.T.T.T.T. 

T.T.TT.T.T.T.T.T.T. T.T.T.T.T.T.T.T.T.T. 

HHHHHHHHHH HHHHHHHHHH 

T.T.T.T.T.T.T.T.T.T , LHHHHHHHHH 

LLLHHHHHHH HLLLLLLLLH 

HHHLLLLHHH HLLLLHHHHL 

LHHLLHHLLH HLLHHLLHHL 



HHHHHHHHHH 
HHHHHHHHHH 
LLLLIXLLHH 
T.T.T.T.TJ.T ^^L 
HHHHHHHHLL 
HHHHHLLHHH 
HHHHHHHLLH 
LLLHHHHLLH 



Logic Symbol 




SETF LOAD /CLR /UP AI BI CI DI 

CLOCKF 

SETF /LOAD 

FOR I!- 1 TO 16 DO 



CLOCKF CLK 
END 



SETF LOAD CLR AI /BI CI /DI 
CLOCKF CLK 



;Load all registers 
;to HIGH and count 
;down 

; Count down 16 clock 
; cycles 



.-Test setting LOAD 
;and CLR on at the 
;same time. 



SETF /OC 

jThe 4-bit counter counts up or down and has the clear and 
load capability. The clear operation overrides count and 
load. The counter counts up when CLR=low, LOAD=low, and 
UP=high. It counts down whenever CLR=low, LOAD=low, and 




8-Bit Counter 



PAL Device Design Specification 



Memories Inc. Santa Clara, CA 



Title SCount 

Pattern ecount.pds 

Revision A 

Author Hehrnaz Hada 

Company Monolithic 

Date 1/15/85 

;This 8-bit up/down counter has the hold and load 
.•capabilities. It sets all the outputs high it SET-high. 
;It loads new value when SET-low and LOAD=high. Else it 
.•counts up if up-high and counts down if up-low. 

CHIP SBitcounter PAL20X8 

CLK UP DO Dl D2 D3 D4 D5 D6 D7 LD GND 
/OC SET Q7 Q6 Q5 0.4 Q3 Q2 Ql QO CIN VCC 

EQUATIONS 

/QO /SET» LD*/DO 
+ /SET*/LD*/QO 
: + : /SET«/LD*CIN* UP 
+ /SET*/LD*CIN*/UP 



/Ql :- /SET* LD*/D1 
+ /SET*/LD*/Q1 
:+: /SET*/LD*CIN* UP* QO 
+ /SET*/LD«CIN*/UP*/QO 

/Q2 :- /SET* LD*/D2 
+ /SET*/LD*/Q2 
:+: /SET*/LD*CIN* UP* QO* Ql 
+ /SET*/LD*CIN*/UP*/Q0*/Q1 

/Q3 /SET* LD*/D3 
+ /SET«/LD«/Q3 
:+: /SET*/LD*CIN« UP* QO* Ql* Q2 
+ /SET*/LD*CIN*/UP*/Q0*/Q1*/Q2 



,-Load DO 
.-Hold 

; Increment 
; Decrement 

;Load Dl 
.•Hold 

; Increment 
; Decrement 

;Load D2 
,-Hold 

.•Increment 
.•Decrement 

.•Load D3 
.•Hold 

; Increment 
; Decrement 



/SET* LD*/D4 :Load D4 

/SET*/LD*/Q4 .-Hold 

/SET*/LD*CIH* UP* QO* Ql* Q2* Q3 .'Increment 

/SET*/LD*CIH*/UP*/Q0*/Q1*/Q2*/Q3 ; Decrement 



/Q5 /SET* LD«/D5 
+ /SET*/LD*/Q5 
:+: /SET«/LD*CIN* UP* QO* Ql* Q2* Q3 

* Q4 

+ /SET*/LD«CI!I*/UP«/Q0*/Q1*/Q2«/Q3 
*/Q4 

/Q6 /SET* LD*/D6 
+ /SET*/LD*/Q6 
:+: /SET*/LD*CIN* UP* QO* Ql* Q2* Q3 

* Q4« Q5 

+ /SET*/LD*CIN*/UP*/Q0*/Q1*/Q2*/Q3 
*/Q4*/Q5 

/Q7 :- /SET* LD*/D7 
+ /SET*/LD*/Q7 
S+l /SET«/LD«CIH* UP* QO* Ql* Q2* Q3 

* Q4* Q5« Q6 

+ /SET*/LD«CIN«/UP«/Q0*/Q1*/Q2«/Q3 
*/Q4*/Q5«/Q6 



SIMULATION 



I SET LD CIS UP 

DO Dl D2 D3 04 D5 D6 D7 
QO Ql Q2 Q3 Q4 Q5 Q6 Q7 

SETF OC SET 
CLOCKF CLK 

CHECK Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 
SETF /SET UP CIN /LD 

FOR Il-l TO 9 DO 
BEGIN 
CLOCKF CLK 
IF 1-8 THEN 
BEGIN 

CHECK /Q7 /Q6 /Q5 /Q4 /Q3 Q2 Ql QO 
END 
END 



.•Load D5 
;Hold 



f Increment 
; Decrement 



;Load D6 
;Hold 



,-Load D7 
,-Hold 



SETF LD /D7 D6 /D5 D4 /D3 D2 /Dl DO 
CLOCKF CLK 

CHECK /Q7 Q6 /Q5 Q4 /Q3 Q2 /Ql QO 

SETF /LD UP 
FOR It-1 TO 5 DO 
BEGIN 
CLOCKF CLK 
IF 1-3 THEN 
BEGIN 

SETF /UP 
END 
END 



Simulation Results 



; Loading some data 

; Checking the output 
; for the loaded data 
.•Counting up after 
rremoving HOLD, count 
;up 3 cycles, count 
;down for 2 cycles. 



Page 



SET 

LD 

CIN 

UP 

DO 

Dl 

D2 

D3 



D6 
D7 
QO 
Ql 
Q2 
Q3 
Q4 




xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 



XXXHHLLHHL 
XXXHHLLLLH 
XXXHHLLLLL 
XXXHHLLLLL 
XXXHHLLLLL 



HHHHHHHHHH 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 

LHHLLHHLLH 
HHHLLLLHHH 
LLLHHHHHHH 
LLI.LLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



HHHHHHLLHH 
XXXXXXHHHH 
XXXXXXLLLL 
XXXXXXHHHH 
XXXXXXLLLL 
XXXXXXHHHH 
XXXXXXLLLL 



HHHHHHHH 
HHHHLLLL 
HHHHHHHH 
LLLLLLLL 
HHHtfHHHH 
LLLLLLLL 
HHHHHHHH 
LLLLLLLL 



XXXXXXLLLL 
HLLLLLLHHL 
HLLLLLLLLH 
HLLLLLLHHH 
LHHHHHHLLL 
LLLLLLLHHH 
LLLLLLLLLL 
LLLLLLLHHH 
LLLLLLLLLL 



LLLLLLLL 
LHHLLHHL 
HHHLLHHH 
HHHLLHHH 
IiLLHHLIiI. 
KHHHHHHH 
LLLLLLLL 
HHHHHHHH 
T.T.T.T.T ,T T.T. 



Logic Symbol 



;A11 outputs high 
; Counting up 



.•Checking after 
;cloclc pulses 




SETF /CIN 
CLOCKF CLK 
CLOCKF CLK 



; Holding 



;The outputs hold to 
;their values 



SETF /UP CIN 



.•Counting down 



9-Bit Counter 



PAL Device Design Specification 



Title 9BitCounter 
Pattern 9Bi.tCnt.pds 
Revision A 

Author Kehrnaz Hada 

Company Honolithic Memories Inc. 

Date 1/28/85 



Santa Clara, CA 



;The 9-bit synchronous counter has parallel load, increment, 
;and hold capabilities. The carry out pin (/CO) shows how to 
.■implement a carry out using a register by anticipated one 
;count before the terminal count if counting and the terminal 
;count if loading. 

; Operations Table 

; /oc CLK /LD DB-DO Q8-Q0 Operation 



Q 



Q PLUS 



HI-Z 
Hold 
Load 

Increment 



CHIP 9BitCounter PAL20X10 



CLK DO Dl D2 D3 D4 D5 D6 D7 D8 /LD GND 
/OC /CO Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QO VCC 



EQUATIONS 
/QO 



/LD*/Q0 
LD*/DO 

/LD 

/LD*/Q1 
LD*/D1 
/LD* QO 

/LD*/Q2 
LD*/D2 
+: /LD* QO* Ql 



,/Q3 /LD-/Q3 
+ LD*/D3 
:+: /LD* QO* Ql* Q2 



- /LD*/Q4 
+ LD*/D4 

+: /LD* QO* Ql* Q2* Q3 

- /LD*/Q5 
+ LDVD5 

+: /LD* QO* Ql* Q2* Q3* Q4 

- /LD*/Q6 
+ LD*/D6 

+: /LD* QO* Ql* Q2* Q3* Q4* Q5 

- /LD*/Q7 
+ LD*/D7 

+: /LD* QO* Ql* Q2* Q3* Q4* Q5* Q6 

- /LD*/Q8 
+ LD*/D8 

+: /LD* QO* Ql* Q2* Q3* Q4* Q5* Q6* Q7 

- /LD*/QO* Ql* Q2* Q3* Q4* Q5* Q6* Q7* Q8 
+ LD* DO* Dl* D2* D3* D4* D5* D6* D7* D8 



TRACE_ON /OC /LD D8 D7 D6 D5 D4 D3 D2 Dl DO 
/CO Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 



SETF LD /D8 /D7 /D6 /D5 /D4 /D3 /D2 /Dl DO 
CLOCKF CLK 



/D7 /D6 /D5 /D4 /D3 D2 Dl DO 



SETF /LD 
CLOCKF CLK 



SETF LD /D8 /D7 /D6 /D5 /D4 D3 D2 Dl DO 
CLOCKF CLK 



SETF /LD 
CLOCKF CLK 



CLOCKF CLK 
SETF LD /D8 



D7 D6 D5 D4 D3 D2 Dl DO 



;Hold QO 
,-Load DO (LSB) 
; Count 

;Hold Ql 
;Load Dl 
; Count 

;Hold Q2 
.■Load D2 



;Hold Q3 
;Load D3 



,-Hold Q4 
;Load D4 
; Count 



-■Hold Q6 

;Load D6 
; Count 

;Hold Q7 
;Load D7 
.■count 

,-Hold Q8 
;Load D8 (MSB) 
; Count 



,-Carry out (Anticipate 
.-Carry out (Anticipate 



;Load 

; Increment 
;Load 

; Increment 
;Load 

; Increment 



CLOCKF CLK 



;Function Table 



;CLK /OC /LD D8 D7 D6 D5 D4 D3 D2 Dl DO /CO 
; Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 



CLK /OC 


/LD 


876543210 


/CO 


876543210 


Comment 


C 


L 


L 


LLLLLLLLL 


H 


LLLLLLLLL 


Load 


c 


L 


H 


xxxxxxxxx 


I 


LLLLLLLLH 


Increment 


c 


L 


L 


LLLLLLLLH 


H 


LLLLLLLLH 


Load 


c 


L 


H 


XXXXXXXXX 


H 


LLLLLLLHL 


Increment 


c 


h 


L 


LLLLLLLHH 


H 


LLLLLLLHH 


Load 


c 


L 


H 


XXXXXXXXX 


H 


LLLLLLHLL 


Increment 


c 


L 


L 


LLLLLLHHH 


H 


LLLLLLHHH 


Load 


c 


L 


H 


XXXXXXXXX 


H 


LLLLLHLLL 


Increment 


c 


L 


L 


LLLLLHHHH 


H 


LLLLLHHHH 


Load 


c 


L 


H 


XXXXXXXXX 


H 


LLLLHLLLL 


Increment 


c 


L 


L 


LLLLHHHHH 




LLLLHHHHH 


Load 


c 


X. 


a 


XXXXXXXXX 


I 




Increment 


c 


L 


L 


LLLHHHHHH 


H 


LLLHHHHHH 


Load 


c 


L 


R 


XXXXXXXXX 


H 


LLHLLLLLL 


Increment 


c 


L 


It 


LLHHHHHHH 


H 


LLHHHHHHH 


Load 


c 


L 


H 


XXXXXXXXX 


H 


LHLLLLLLL 


Increment 


c 


L 


L 


LHHHHKHKH 


H 


LHHHHKHHH 


Load 


c 


L 


H 


XXXXXXXXX 


H 


HLLLLLLLX. 


Increment 


c 


L 


L 


HHHHHHHHH 


L 


HHHHHHHHH 


Load(Carry out) 


c 


L 


■ 


XXXXXXXXX 


H 


LLLLLLLLL 


Increment (Roll over) 


c 


L 


L 


HHHHHHHLL 


H 


HHHHHHHLL 


Load 


c 


i 


H 


XXXXXXXXX 


H 


HHHHHHHLH 


Increment 


L 


L 


H 


XXXXXXXXX 


H 


HHHHHHHLH 


Hold 


c 


L 


H 


XXXXXXXXX 


H 


HHHHHHHHL 


Increment 


c 


L 


■ 


XXXXXXXXX 


L 


HHHHHHHHH 


Incrementfcarry out) 


C 


L 


B 


XXXXXXXXX 


H 


TJJ.T.T.T.T.T.T. 


Increment (Roll over) 


X 


H 


X 


XXXXXXXXX 


Z 


zzzzzzzzz 


Test HI-Z 



Simulation Results 



Page : 1 

g cgcgcgc 
/OC LLLLLLLLLL 
/LD LLLLHHLLHH 



gcgcgcgcgc ■ 
LLLLLLLLLL ] 
LLHHLLHHLL 1 




D2 LLLLLLLLLL 
Dl LLLLLLLLLL 
DO LLLLLLHHHH 
/CO XXXHHHHHHH 
Q8 XXXLLLLLLL 
Q7 XXXLLLLLLL 
Q6 XXXLLLLLLL 
Q5 XXXLLLLLLL 
Q4 XXXLLLLLLL 
Q3 XXXLLLLLLL 
Q2 XXXLLLLLLL 
Ql 
QO 



HHHHHHHHHH HHHHHHH 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLHHH 
LLLHHHHLLH 



LLLLLHH 
LLLHHLL 
LLLHHLL 



Logic Symbol 




Monolithic KID Memories 
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Revision A 

Author Mehrnaz Hada 

Company Monolithic Memories Inc. Santa Clara, CA 
Date 1/15/85 

;The 10-bit counter increments on the rising edge of the 
;clock input (CLK), if CNT input is high. The outputs are 
;HIGH-Z when the enable line </0E) is high and enabled 
;when the enable line (/OE) is low. The counter is 
.■cleared (all lows) if CLR=HIGH . 

CHIP lOBitCount PAL20RS10 

CLK /SET NC CNT NC /CLR NC NC NC NC NC GND 
/OE Q5 Q3 Q6 Q2 Q7 Ql Q8 QO Q9 Q4 VCC 



/QO :=» /SET 
+ /SET 
+ CLR 



/Ql 



/Q8 



CNT * /CLR * QO 
/CNT * /CLR * /QO 



/SET » CNT * /CLR * QO * Ql 

+ /SET * CNT * /CLR * /QO * /Ql 

+ /SET * /CNT * /CLR * /Ql 
+ CLR 

/SET * CNT » /CLR * QO * Ql * 
Q2 

+ /SET * CNT * /CLR • /QO » /Q2 

+ /SET « CNT • /CLR » /Ql * /Q2 

+ /SET « /CNT « /CLR * /Q2 
+ CLR 

:= /SET * CNT * /CLR • QO * Ql * 
Q2 « Q3 

+ /SET * CNT * /CLR * /QO * /Q3 

+ /SET * CNT * /CLR * /Ql * /Q3 

+ /SET * CNT * /CLR * /Q2 * /Q3 

+ /SET * /CNT * /CLR * /Q3 
+ CLR 



;Toggle 

.-Hold 

;CLR 

,-Toggle 
,-Toggle 
,-Hold 
;CLR 

; Toggle 

;Toggle 
,-Toggle 
;Hold 
;CLR 

,-Toggle 

;Toggle 

.•Toggle 

,-Toggle 

;Hold 

;CLR 



:= /SET * CNT * /CLR * QO * Ql * ;Toggle 
Q2 • Q3 • Q4 

+ /SET * CNT * /CLR * /QO * /Q4 ,-Toggle 

+ /SET * CNT * /CLR * /Ql * /Q4 ;Toggle 

+ /SET • CNT » /CLR * /Q2 » /Q4 ;Toggle 

+ /SET * CNT * /CLR » /Q3 « /Q4 .'Toggle 

+ /SET * /CNT * /CLR * /Q4 ;Hold 

+ CLR ;CLR 





/SET 


* 


CNT 




/CLR * 


QO * 


Ql * 


,-Toggle 




Q2 * 


Q3 * 


Q4 * Q5 










+ 


/SET 


* 


CNT 


* 


/CLR * 


/QO 




/Q5 


,-Toggle 


+ 


/SET 




CNT 


* 


/CLR * 


/Ql 




/Q5 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q2 


* 


/Q5 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q3 


* 


/Q5 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q4 


* 


/Q5 


;Toggle 


+ 


/SET 


* 


/CNT * /CLR 


11 /Q5 




;Hold 


+ 


CLR 
















;CLR 




/SET 


* 


CNT 


* 


/CLR * 


QO * 


Ql * 






Q2 * 


Q3 * 


Q4 * Q5 


1 Q6 








+ 


/SET 


* 


CNT 


* 


/CLR * 


/QO 


* 


/Q6 


,-Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Ql 




/Q6 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q2 




/Q6 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q3 


* 


/Q6 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q4 


* 


/Q6 


,-Toggle 


+ 


/SET 


+ 


CNT 


* 


/CLR * 


/Q5 


* 


/Q6 


,-Toggle 


+ 


/SET 


* 


/CNT 


* /CLR 


* /Q6 






;Hold 


+ 


CLR 
















;CLR 




/SET 




CNT 




/CLR * 


QO * 


Ql * 


; Toggle 




Q2 * Q3 * 


Q4 * Q5 


* Q6 


* 


Q7 




+ 


/SET 




CNT 


* 


/CLR * 


/QO 


* 


/Q7 


; Toggle 


+ 


/SET 




CNT 




/CLR * 


/Ql 




/Q7 


.■Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q2 




/Q7 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q3 


• 


/Q7 


,-Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q4 


* 


/Q7 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q5 


* 


/Q7 


; Toggle 


+ 


/SET 


* 


CNT 


* 


/CLR * 


/Q6 


* 


/Q7 


; Toggle 


+ 


/SET 


* 


/CNT 


* /CLR 


* /Q7 




;Hold 


+ 


CLR 
















;CLR 



/SET 
Q2 * 
Q8 

+ /SET 
+ /SET 
+ /SET 
+ /SET 
+ /SET 
+ /SET 
+ /SET 
+ /SET 



* CNT * /CLR 
Q3 • Q4 » Q5 

* CNT * /CLR 
» CNT * /CLR 

* CNT * /CLR 
» CNT * /CLR 

* CNT * /CLR 
' CNT * /CLR 



QO 
Q6 



Ql 

Q7 



/QO • /QS 

/Ql * /Q8 

/Q2 * /Q8 

/Q3 » /Q8 

/Q4 • /Q8 

/Q5 • /Q8 

CNT * /CLR * /Q6 * /Q8 

CNT » /CLR * /Q7 • /Q8 



,-Toggle 



,-Toggle 
,-Toggle 
,-Toggle 
;Toggle 
;Toggle 
,-Toggle 
.-Toggle 
;Toggle 



/Q9 : - 


/SET 


* CNT 




/CLR 


* 


QO * 


Ql * 


•To le 




Q2 * 


Q3 * Q4 


* Q5 


* 


Q6 * 


Q7 * 






Q8 * 


Q9 
















/SET 






/CLR 


* 


/QO 


* /Q9 


/Toggle 


+ 


/SET 


* CNT 




/CLR 




/Ql 


* /Q9 


; Toggle 


+ 


/SET 


* CNT 


* 


/CLR 




/Q2 


* /Q9 


; Toggle 


+ 


/SET 


* CNT 


* 


/CLR 


* 


/Q3 


* /Q9 


; Toggl e 


+ 


/SET 


* CNT 


* 


/CLR 


* 


/Q4 


* /Q9 


; Toggle 


+ 


/SET 


* CNT 


* 


/CLR 


* 


/Q5 


* /Q9 


,-Toggle 


+ 


/SET 


* CNT 




/CLR 


* 


/Q6 


* /Q9 


; Toggle 


+ 


/SET 


* CNT 


* 


/CLR 


* 


/Q7 


* /Q9 


; Toggle 


+ 


/SET 


* CNT 


* 


/CLR 


* 


/Q8 


* /Q9 


; Toggle 


+ 


/SET 


*/CNT 


* 


/CLR 


* 


/Q9 




;Hold 


+ 


CLR 














;CLR 



SIMULATION 

TRACE_ON OE CLK SET CLR CNT QO Ql Q2 Q3 
Q4 Q5 Q6 Q7 Q8 Q9 

SETF OE /CLR SET 
CLOCKF CLK 

SETF CLR 
CLOCKF CLK 

SETF /SET CNT /CLR 

FOR I:- 1 TO 5 DO 
BEGIN 

CLOCKF CLK 

IF 1-4 THEN 
BEGIN 

CHECK /QO /Ql Q2 
END 

END 

SETF /CNT 
CLOCKF CLK 

Simulation Results 



,-set high all the 
; registers 

;Clear all the 
,- registers 

; Start counting 

; Count for five 
; cycles. At the count 
;of four check for 
.-four on the output. 



.-Hold 



OE 

CLK 

SET 

CLR 

CNT 

QO 

Ql 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 



g eg eg c 
HHHHHHHHHH 
XXHLLHLLHL 



LLLLHHHLLL 
XXXXXXXHHH 
XXXHHHLLLH 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 
XXXHHHLLLL 



c c c eg c 
HHHHHHHHHH H 
HLHLHLHLLH L 
LLLLLLLLLL L 
LLLLLLLLLL L 
HHHHHHHHLL L 
HLLHHLLHHH H 
LHHHHLLLLL L 
LLLLLHHHHH H 
LLLLLLLLLL L 
LLLLLLLLLL L 
LLLLLLLLLL L 
LLLLLLLLLL L 

LLLLLLLLLL L 
LLLLLLLLLL L 



Logic Symbol 

CLK ^ 



SET ^ 

NC ]7 
CNT ^ 

NCF -I AND 
CLR [7 

NC^ 

NC^ 

NC ^ - 

Nc[io - 

NcfTl 
GNDQ2 



24] VCC 
^t~H] Q 4 

■ f> -t>»- 2J QO 



-\ XOR 
GATE 
ARRAY 



I Q8 
I Ol 

I Q2 
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Monolithic EKD Memories 



runcnonai inscription 

Shown below is a schematic of two PAL devices implementing a 
5-bit up asynchronous ring counter with programmable rollover, 
asynchronous load, and reset. Initial count point can be loaded 
by asserting /LD low. Rollover point is loaded by asserting /LR 

Block Diagram 



low. Q4...Q0 and R4...R0 are compared in the PAL16C1 which is 
implemented as a comparator. The result of the comparison is 
fed back from the PAL16C1 to the PAL20RA1 device through 
the /RST line. Note that a Master Reset must be executed first 
before an initial count point can be loaded. 



LOAD COUNT 
OR LOAD 
ROLLOVER 
DATA 

"ltltltl! 

NC - 
LO AD COU NT - 
LOAD 
ROLLOVER 



PL 




VCC 


P4 




Q4 


D3 




Q3 


D2 


PAL 


02 


D1 


20RA10 


01 


DO 


(ROLL 01) 


QO 


CLK 


COUNTER 


R4 


NC 




R3 


LD 




R2 


LR 




R1 


RST 




RO 


GND 




OE 



VCC 
MR 
NC 
NC 



04 
03 
Q2 

01 16CP 

°° (ROLL 02) RST 

R4 COMPARATOR NC 

R3 NC 

R2 NC 

R1 NC 



GND 



RO 



-Q4 

- 03 
■ 02 

- 01 

- QO 



COUNTER 
OUTPUT 



MASTER 
RESET 



AL Device Design Specification 



5-Bit Up Counter 



PAL16C1 

ROLL02 

COMPARATOR 

MONOLITHIC MEMORIES INC., SANTA CLARA, 
0.4 0.3 0.2 Ql 00 R4 R3 R2 Rl GND 
RO NC NC NC NC /RST NC NC /MR VCC 

EQUATIONS 



Q4*/R4*/MR + /Q4*R4*/MR 

Q3»/R3*/MR + /Q3*R3*/MR 

Q2*/R2*/MR + /Q2*R2»/MR 

Q1«/R1*/MR + /Q1*R1*/MR 

QO*/RO*/MR + /QO*RO*/MR 



; COMPARE Q4 & R4 MSB 

; COMPARE 0.3 S R3 

; COMPARE Q2 S R2 

; COMPARE Ql S Rl 

,' COMPARE QO i RO LSB 



FUNCTION TABLE 

Q4 Q3 Q2 Ql QO R4 R3 R2 Rl RO /MR /RST 

/ 



; 

;qqqqq 

M3210 


RRRRR 
43210 


/ 
H 
R 


R 
S 
T 








HLLLL 


LLLLL 


H 


H 


1 


Q4=H 


R4=L 


LHLLL 


LLLLL 


H 


H 


2 


Q3=H 


R3-L 


LLHLL 


LLLLL 


H 


H 


3 


Q2=H 


R2=L 


LLLHL 


LLLLL 


H 


H 


4 


Q1=H 


R1=L 


LLLLH 


LLLLL 


H 


H 


5 


QO=H 


RO-L 


LLLLL 


HLLLL 


H 


H 


6 


Q4-L 


R4-H 


LLLLL 


LHLLL 


H 


H 


7 


Q3=L 


R3=H 


LLLLL 


LLHLL 


H 


H 


8 


Q2=L 


R2=H 


LLLLL 


LLLHL 


H 


H 


9 


Q1=L 


R1=H 


LLLLL 


LLLLH 


H 


H 


10 


QO=L 


RO=H 


LLLLL 


LLLLL 


H 


L 


11 


TEST 


ALL LOWS 


HHHHH 


HHHHH 


H 


L 


12 


TEST 


ALL HIGHS 


LHLHL 


LHLHL 


H 


L 


13 


TEST 


EVEN CHECKERBOARD 


HLHLH 


HLHLH 


H 


L 


14 


TEST 


ODD CHECKERBOARD 


LLLLL 


HHHHH 


L 


L 


15 


TEST 


MASTER RESET 


HHHHH 


LLLLL 


L 


L 


16 


TEST 


MASTER RESET 



DESCRIPTION 

PAL16C1 DESIGN SPECIFICATION 

5-BIT COMPARATOR WITH MASTER RESET OVERRIDE 

(SECOND OF THE TWO PALS SOLUTION ON THE 5-BIT COUNTER WITH 
PROGRAMMABLE ROLLOVER, ASYNCHRONOUS LOAD AND RESET.) 
MONOLITHIC MEMORIES INC., SANTA CLARA, CA 
BILL KARKULA 7/19/84 

THIS DEVICE COMPARES 5 BITS OF DATA (R4...R0) WITH Q4...Q0 
AND ASSERTS /RST IF THEY ARE EQUAL. THEREFORE /RST 
GOES LOW WHEN PROGRAMMED ROLLOVER POINT R4...R0 
MATCHES COUNT Q4...Q0. /RST ALSO GOES LOW WHEN /MR 
GOES LOW, INDICATING A MASTER RESET. 

NOTE: THIS PAL DESIGN SPEC WAS ASSEMBLED ON PALASM VI . 7 . 




5-Bit Up Counter 



PAL Device Design Specification 



Simulation Results 



Title 5-Bit up Counter 
Pattern UpCount.pde 
Revision A 

Author Bill Kartells 

Company Monolithic Memories Inc., 

Date 7/19/81 

CHIP UpCounter PAL2 0RA1 



/PL D4 D3 D2 Dl DO CK NC /LD /LP. /RST GND 
/OE RO Rl R2 R3 R4 QO Ql Q2 Q3 Q4 VCC 



EQUATIONS 
/Q4 

Q4.CLKF 
Q4 . RSTF 
Q4.SETF 



Santa Clara, CA 



/03 



Q3.CLKF 
Q3 .RSTF 
Q3 . SETF 

/Q2 

Q2 . CLKF 
Q2.RSTF 
S2 . SETF 

/Ql 

Ql . CLKF 
Ql . RSTF 
Ql. SETF 

/QO 

QO . CLKF 
QO .RSTF 
QO . SETF 

/R4 

R4.CLKF 

/R3 

R3.CLKF 
/R2 

R2.CLKF 
/Rl 

Rl . CLKF 
/RO 

RO . CLKF 



Q4 
" /Q3 

- RST 

- D4*LD 

Q3 
" /Q2 

- RST 

■ D3*LD 

Q2 

- /Ql 

- RST 

- D2*LD 

Ql 

- /QO 

- RST 

- D3*LD 

:- QO 

- CK 

- RST 

- DO*LD 

/D4 

- LR 
:- /D3 

- LR 
:- /D2 

- LR 
/Dl 

- LR 
/DO 

- LR 



SIMULA' 



.TIOH 



TRACE_ON PL OE CK QO Ql Q2 Q3 Q4 
SETF RST /LD 

CHECK QO Ql Q2 Q3 Q4 
SETF /RST 

SETF DO Dl D2 D3 D4 LD 
CHECK /QO /Ql /Q2 /Q3 /Q4 

SETF /OE Q4 Q3 Q2 Ql /QO /LD 

SETF PL 

SETF OE /PL 

SETF CK 
SETF /CK 



;Toggle if lover MSB 
.■becomes a zero 
;Rollover/master RST 
;Load initial Count 

.•Toggle when Q2 
; becomes a zero 
;Rollover/master RST 
;Load initial count 

; Toggle when Ql 
; becomes a zero 
;Rollover/master RST 
;Load initial count 

;Toggle when QO 
.■becomes a zero 
;Rollover/master RST 
;Load initial count 

.•Toggle LSB 
;External CLKF input 
;Rollover/master RST 
;Load initial count 

;Load rollover point 
;lf /LR is low 
;Load rollover bit 3 
rif /LR is asserted 
rLoad rollover bit 2 
lit /LR is asserted 
;Load rollover bit 1 
tit /LR is asserted 
;Load rollover bit 
!if /LR is asserted 



;Test SET function 
rof registers 
.-check for high 
;on reg. outputs 
;Deassert SET funct 

;Test RESET function 



;Disable RESET(LC-O) 
; load registers w/ 
,-HHHHL (Q4..Q0), 
,-tristate registers 
;Load reg.'s w/ data 
;on output bus. 
; Disable PRELOAD t 
1 TRISTATE funct. 



g gg g ggg 
PL XXXXXXXHLL 
OE XXXXXLLLHH 
CK XXXXXXXXXH 
QO HHHLLZZLHH 
Ql HHHLLZZHLL 
Q2 HHHLLZZHLL 
Q3 HHHLLZZHLL 
Q4 HHHLLZZHLL 



gg g<3 

T.T.T.T.T.T. T.T.T.T. 
HHHHHHHHHH 
HHLHHLHHHH 
LLLLHHHLLL 
LHHHHHHHLL 
LLLLLLLLLH 
LLLLLLLLLL 
LLLLLLLLLL 



11 

tt.t. 

HHH 
LHH 
LLH 
T.T.T. 
HHH 
T.T.T. 
T.T.T. 




SETF CK 
SETF /CK 

SETF CK 
SETF /CK 

SETF CK 
SETF /CK 
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5-Bit Down Counter 



Functional Description 

Shown below is a schematic of two PAL devices implementing a 
5-bit up asynchronous ring counter with programmable rollover, 
asynchronous load, and reset. Initial count point can be loaded 
by asserting /LD low. Rollover point is loaded by asserting /LR 



low. Q4...Q0 and R4...R0 are compared in the PAL16C1 device 
which is implemented as a comparator. The result of the 
comparison is fed back from the PAL16C1 logic circuit to the 
PAL20RA10 device through the /RST line. Note that a Master 
Reset must be executed first before an initial "countdown" point 
can be loaded. 



Block Diagram 



LOAD COUNT 
OR LOAD 
ROLLOVER 
DATA 

-i_n_n_n_; 

NC - 

LO AD COU NT - 
LOAD 
ROLLOVER 



PL 




VCC 


P4 




Q4 


D3 




Q3 


D2 




Q2 


D1 


PAL 


01 


DO 


20RA10 


QO 


CLK 


(ROLL 03) 


R4 


NC 




R3 


LD 




R2 


LR 




R1 


SsT 




RO 


GND 




OE 



VCC 

04 MR 

03 NC 

02 PAL NC 

01 16CI 

Q0 (ROLL 02) RST 

R4 COMPARATOR NC 

R3 NC 

R2 NC 

R1 NC 



GND 



RO 



- Q4 

- Q3 

- Q2 

- 01 

- QO 



COUNTER 
OUTPUT 



MASTER 
RESET 



NC 



5-Bit Down Counter 



PAL Device Design Specification 



PAL16C1 

ROLL02 

COMPARATOR 

MONOLITHIC MEMORIES INC., SANTA CLARA, 
0.4 03 0.2 Ql 00 R4 R3 R2 Rl GND 
RO NC NC NC NC /RST NC NC /MR VCC 

EQUATIONS 



/RST 



= 04*/R4»/MR 
+ Q3*/R3*/MR 
+ 02«/R2*/MR 
+ Q1*/R1»/MR 
+ 00*/RO*/MR 



/Q4*R4«/MR 
/Q3*R3»/MR 
/02*R2*/MR 
/Q1*R1»/MR 
/QO*RO*/MR 



; COMPARE 04 
; COMPARE Q3 
; COMPARE 02 
; COMPARE Ql 
QO 



FUNCTION TABLE 



DESCRIPTION 

PAL16C1 DESIGN SPECIFICATION 

5-BIT COMPARATOR WITH MASTER RESET OVERRIDE 

(SECOND OF THE TWO PALS SOLUTION ON THE 5-BIT COUNTER WITH 
PROGRAMMABLE ROLLOVER, ASYNCHRONOUS LOAD AND RESET. ) 
MONOLITHIC MEMORIES INC. , SANTA CLARA, CA 
BILL KARKULA 7/19/84 

THIS DEVICE COMPARES 5 BITS OF DATA (R4...R0) WITH Q4...Q0 
AND ASSERTS /RST IF THEY ARE EQUAL. THEREFORE /RST 
GOES LOW WHEN PROGRAMMED ROLLOVER POINT R4 . . . RO 
MATCHES COUNT Q4 . . . QO . /RST ALSO GOES LOW WHEN /MR 
GOES LOW, INDICATING A MASTER RESET . 

NJTE: THIS PAL DESIGN SPEC WAS ASSEMBLED ON PALASM VI. 7. 



Q4 Q3 Q2 Ql QO R4 R3 R2 Rl RO /MR /RST 



; QQQQQ RRRRR M S 
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Q4-H 


R4=L 
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Q3-H 


R3-L 


LLHLL 


LLLLL 
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3 


Q2=H 


R2-L 


LLLHL 


LLLLL 


H 


H 


4 


Ql-H 


Rl-L 


LLLLH 


LLLLL 


H 


H 


5 


QO-H 


RO-L 


LLLLL 


HLLLL 


H 


H 


6 


Q4-L 


R4-H 


LLLLL 


LHLLL 


H 


H 


7 


Q3-L 


R3=H 


LLLLL 


LLHLL 


H 


H 


8 


Q2=L 


R2=H 


LLLLL 


LLLHL 


H 


H 


9 


Ql-L 


Rl-H 


LLLLL 


LLLLH 


H 


H 


10 


QO-L 


RO-H 


LLLLL 


LLLLL 


H 


L 


11 


TEST 


ALL LOWS 


HHHHH 


HHHHH 


H 


L 


12 


TEST 


ALL HIGHS 


LHLHL 


LHLHL 


B 


L 


13 


TEST 


EVEN CHECKERBOARD 


HLHLH 


HLHLH 


H 


L 


14 


TEST 


ODD CHECKERBOARD 


LLLLL 


HHHHH 


L 


L 


15 


TEST MASTER RESET 


HHHHH 


LLLLL 


L 


L 


16 


TEST 


MASTER RESET 
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sanat Clara, 



Pattern DCount.pds 

Revision A 

Author Bill Karkula 

Company Monolithic Memories Inc. 

Date 7/19/84 

CHIP DN COUNTER PAL20RA10 



/PL D4 D3 D2 Dl DO CK NC /LD /LR /RST GND 
/OE RO Rl R2 R3 R4 QO Ql 02 Q3 Q4 VCC 



g gg g ggg gg gg gg gg gg gg g 
PL XXXXXXXHLL LLLLLLLLLL T. T .T.T.T.LT.TJJ, T . T.T.T . T.T . T . 
OE XXXXXLLLHH HHHHHHHHHH HHHHHHHHHH HHHHHHH 
CK XXXXXXXXXH HHLHHLHHHH LHHLHHHLHH LHHHHHL 
QO LLLHHZ ZHLL HHHHLLLHHH HHLLLHHHHL LLHHHHH 
Ql LLLHHZZLHH HLLLLLLLHH HHHHHHLLLL LLLHHHH 
Q2 LLLHHZZLHH HHHHHHHHHL LLLLLLLLLL LLLLHHH 
Q3 LLLHHZZLHH HHHHHHHHHH HHHHHHHHHH HHHHHLL 
Q4 LLLHHZZLHH HHHHHHHHHH HHHHHHHHHH HHHHHHH 



/Q4 

Q4.CLKF 
Q4.SETF 
Q4.RSTF 

/03 

Q3 . CLXF 
Q3 . SETF 
Q3.RSTF 

/Q2 

Q2.CLKF 
Q2.SETF 
Q2.RSTF 

/Ql 

Ql . CLKF 
Ql .SETF 
Ql.RSTF 

/QO 

QO . CLKF 
QO . SETF 
QO.RSTF 



:- Q4 

- Q3 

- RST 

- /D4*LD 

:- Q3 

- Q2 

- RST 

- /D3*LD 

:- Q2 

- Ql 

- RST 

- /D2*LD 

:- Ql 

- QO 

- RST 

- /D1*LD 

:- QO 

- CK 

- RST 

- /D0*LD 



/R4 


: - 


/D4 


R4 . CLKF 




LR 


/R3 




/D3 


R3 . CLKF 




LR 


/R2 




/D2 


R2 . CLKF 




LR 


/Rl 




/Dl 


Rl . CLKF 




LR 


/RO 


: - 


/DO 


RO . CLKF 




LR 



SIMULATION 

TRACE_ON PL OE CK QO Ql Q2 Q3 Q4 
SETF RST /LD 

: /QO /Ql /Q2 /Q3 /Q4 



SETF /RST 

SETF /DO /Dl /D2 /D3 /D4 LD 

CHECK QO Ql Q2 Q3 Q4 

SETF /OE /Q4 /Q3 /Q2 /Ql QO /LD 



SETF OE /PL 

FOR TO 7 DO 

BEGIN 
SETF CK 
SETF /CK 
IF 1-2 THEN 
BEGIN 

CHECK Q4 Q3 Q2 /Ql /QO 
END 
IF 1=6 THEN 
BEGIN 

CHECK Q4 Q3 /Q2 /Ql /QO 
END 
IF 1-7 THEN 
BEGIN 

CHECK Q4 /Q3 Q2 Ql QO 
END 
END 



;Toggle if lower MSB 
; becomes a one 
;Rollover/master RST 
;Load initial count 

; Toggle when Q2 

; Becomes a one 

; Roll over/master RST 

;Load initial count 

; Toggle when Ql 
; becomes a one 
rRollover/master RST 
rLoad initial count 

;Toggle when QO 
; becomes a one 
;Rollover/master RST 
;Load initial count 

; Toggle LSB 
.■External clock input 
;Rollover/master RST 
;Load initial count 

;Load rollover point 
lit /LR is low 
;Load rollover bit 3 
;i£ /LR is asserted 
;Load rollover bit 2 
fif /LR is asserted 
;Load rollover bit 1 
;i£ /LR is asserted 
;Load rollover bit 
;if /LR is asserted 



;Test SET function 
;of registers 
; Check for high on 
; register outputs 
;Deassert SET funct 
rTest RESET funct. 

;Disable RESET, load 
; registers w/ LLLLH, 
;tristate registers 
;Load regs w/ data 
;on output bus. 
;Disable PRELOAD & 
;TRISTATE function. 
.■Initially load regs 
IV/ LLLLH & clocked 
;7 times. 
fRollover at 1-2 
; count goes LLLLL 
;to HHHHH. 
,-Check rollover pt. 
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This application is for a seven-bit register with handshake logic. 
The chip can be used for interfacing between a microprocessor 
and its peripheral I/O. The on-chip flag flip-flop provides the 
handshaking capability required in typical demand-response- 
based data transfer. Both the register and the flag flip-flops are 
asynchronously cleared by CLR signal. 



and at the same time, the event is signified by asserting DRDY 
signal. The DRDY signal indicates that the data is available in the 
register. By monitoring the DRDY signal when it is high, the 
stored input data can be transferred to Q output port by asserting 
/OE three-state control signal. After moving the data, DACK 
signal should be applied to clear the flag flip-flop. 



Block Diagram 



Handshake Operation 




DCLK * - 


n 


Q0,Q1,O6 . 








DRDY j 





Seven-Bit I/O Port with Handshake Logic 



DACK 



Seven-Bit I/O Port with Handshake Logic 
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7-Bit I/O Port 



PAL Device Design Specification 



Simulation Results 



Title 
Pattern 
Revision 
Author 
Company 
Date 



7-Bit I/O Port with Handshake Logic 
Port.pds 



Sadahiro Horiko / Kelvin Chow 
Monolithic Memories Inc., Santa Clara, 

3/1/85 

CHIP IOPORT PAL2 0RA10 

PL DO Dl D2 D3 D4 D5 D6 CE DCLK CLR GND 
OE DACK DRDY NC Q6 0.5 Q4 Q3 Q2 Ql Q0 VCC 



EQUATIONS 
00 

QO.CLKF 
QO.SETF 
QO.TRST 

Ql 

Ql.CLKF 
Ql . SETF 
Ql.TRST 

Q2 

Q2 . CLKF 
Q2 . SETF 
Q2 . TRST 

Q3 

Q3.CLKF 
Q3.SETF 
Q3 . TRST 

Q4 

Q4.CLKF 
Q4.SETF 
Q4 . TRST 



Q5.CLKF 
Q5.SETF 
Q5.TRST 

Q6 

Q6 . CLKF 
Q6.SETF 
Q6.TRST 

DRDY 

DRDY . CLKF 
DRDY . RSTF 
DRDY. SETF 

DRDY. TRST 



- DCLK 

- CLR 

- CE 



:= Dl 

- DCLK 

- CLR 
= CE 

:= D2 

- DCLK 

- CLR 



- DCLK 

- CLR 

- CE 

:- D4 

- DCLK 

- CLR 

- CE 

:- D5 

- DCLK 

- CLR 

- CE 

D6 

- DCLK 

- CLR 

- CE 

GND 
= DACK 

- DCLK 

- CLR 
« VCC 



;LSB of 7 -bit regs 
.■External clock 
; Clear register 
.•Tristate control 

.•Data 1 

; External clock 
;Clear register 
;Tristate control 

,-Data 2 

; External clock 
; Clear register 
;Tristate control 

;Data 3 

.-External clock 
; Clear register 
/Tristate control 

,-Data 4 

; External clock 
; Clear register 
;Tristate control 

.■Data 5 

; External clock 
.-Clear register 
; Tristate control 

;Data 5 

.•External clock 
; Clear register 
; Tristate control 

,-Handshake logic 
.•Cleared by DACK 

; Clear 

.•Asserted by DCLK 
; (External clock) 



SIMULATION 

TRACE_ON CLR Q0 Ql Q2 Q3 Q4 Q5 Q6 DCLK DRDY DACK 

SETF PL /CE /OE /DO Dl /D2 D3 /D4 D5 /D6 CLR /DCLK /DACK 

;Set input values 
rTristate outputs 



SETF CE OE CLR 



SETF CLR 
SETF CLR 

SETF /CLR 
SETF DCLK 
SETF DCLK 

SETF /DCLK 

SETF DACK 
SETF DACK 

SETF /DACK 
SETF /DACK 



.■Remove the tri- 
; states on the 
.■outputs and clear 
; registers 



; Clock the data & 
.-set DRDY register 



; Remove the clock 
;Assert DACK 



Page : 

CLR 

Q0 

Ql 

Q2 

Q3 

Q4 

Q5 

Q6 

DCLK 
DRDY 
DACK 



g g gg gg g 
HHHHLLLLLL L 
XZZLLLLLLL L 
XZZLLLHHHH H 
XZZLLLLLLL L 
XZZLLLHHHH H 
XZZLLLLLLL L 
XZZLLLHHHH H 
XZZLLLLLLL L 
LLLLLHHLLL L 
XLZZLHHHHL L 
LLLLLLLLHH L 



PL [T_ 
DO [7 - 
D1 f7_ 
D2 ^ 
D3 Q 
D4 FT 

l — 

DS fj_ 

D6 

CE [7 
DCLK []0 
CLR IjT 

gnd \n 



->» 1 



3] VCC 
23] QO 
22] 01 
2l] Q2 
20] Q3 
Taj CM 
TS] OS 
j]| 06 
1SJ NC 
^5] DRDY 
n\ DACK 
U] OE 



; Lower DACK 
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Serial Data Link Controller 



Functional Description 

Original application was developed by LTT, Conflans Ste. Hon- 
orine. FRANCE. Part of the schematics, reprinted with courtesy 
of LTT, is used to control a serial data link based upon aspecial- 
ized LSI chip. 

Originally designed with six standard SSI/MSI circuits, this 
same function can now be implemented, not only into a single 
PAL20RA10 device, but with even more features and better 
performance. The function can be divided into three sub- 
functions: 

1. Address Decoding 

2. Control Flags 

3. Transmission Speed Selection 

Up to four address lines are allowed (eight were actually used), 
plus two extra lines which are special decoding controls 
(MEM/IO selection, Enable Control . . .). Two flip-flop load flag 
conditions, from the address bus (A1 and A2), providing hand- 
shake between the 6850 UART and the communication lines. 
They have a common clock which also serves as Chip Select 
(CSO)forthe UART. 

The UARTTransmit clock (TXCLK) can be directly connected to 
the Receive Clock (CK or RXCLK) or represents the Receive 
Clock value divided by sixteen This function was performed by 
four D-type Flip-Flops connected as a 4-stage Asynchronous 
Divider. Since each basic cell, used in a PAL20RA1 device has 
four Product Terms available, this function could be implemented 
either asynchronously or synchronously. In the PAL Design 
Specification example, a 4-bit synchronous divider was used 
instead of the asynchronous circuit shown in the schematic. 



Pin Description 



1 . TEST Allows preload function for testing. 

2. SYSRESET Reset line from microprocessor. 

3. A2 Address line from address bus. 

4. A1 Address line from address bus. 

5. HDSHAKE Handshake line (CTS/RTS). 

6. CK External clock. 

7. E Enable line from microprocessor. 

8. AUXDECOD Extra decoding line 

(e.g. board level decoding). 

9. A3 Address line from address bus. 

10. A4 Address line from address bus. 

1 1 . A5 Address line from address bus. 

12. GND Reference power supply ground. 

13. /OE Output enable line. 

14. A6 Address line from address bus. 

15. SPEEDSEL Speed selection line. 

16. DIV4 MSB 4-bit synchronous counter. 

17. DIV3 3rd stage synchronous counter. 

18. DIV2 2nd stage synchronous counter. 

19. DIV1 LSB 4-bit synchronous counter. 

20. CSO UART chip select line (CSO). 

21. BLOCREC Bloc receive line. 

22. DIRDIV Direct or divided clock. 

23. /TPH External use flag. 

24. VCC 5 V power supply. 
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E- 
R/W- 
IRQ- 
DO- 
D1- 
D2- 
D3- 
04- 
D5 - 
D6- 
D7- 



After 



cso 


R/S 


CS1 


RTS 


CS2 


CTS 


E 


DCD 


R/W 


RXD 


IRQ 


TXO 


DO 


RXCLK 


D1 




D2 


TXCLK 


D3 




DA 




OS 


6850 


06 




D7 





r" 



3- 



4>- 



NOTE: Asynchronous Divider 



'ph 



— DIR DIV 



-BLOCK 
REC. 



-DCD 
-RXD 



-TXD 
-CK 



. _i 



Figure 6. 



SYSRESET- 
A2- 
A1- 

CK- 



AUX DECOD- 



A3- 
A4- 
A5- 



R/W - 
IRQ- 
00- 
D1- 
D2- 
D3- 
D4- 
D5- 
D6- 
D7- 



CSO 


R/S 


CS1 


RTS 


CS2 


CTS 


E 


DCD 


R/W 


RXD 


IRQ 


TXD 


DO 


RXCLK 


D1 




D2 


TXCLK 


03 




D4 




D5 ( 


850 


D6 




D7 





Ha 



sjvcc 



3- 



PAL 
20RA10 



- BLOCK REC. 



3 NC 
3 NC 
3 NC 

3 



□ 

a /oe 



J. 



-RXD 
-TXD 



Figure 7. 
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Serial Data Link Controller 



PAL Device Design Specification 



Simulation Results 



Serial Data Link Controller 

Link.pds 

A 

Jose Juntas / Kelvin Chow 

Monolithic Memories Inc., Santa Clara, ca 

3/1/85 



Title 

Pattern 

Revision 

Author 

Company 

Date 



CHIP SE_CH_CNTRL PAL20RA10 

TEST SYSRESET A2 Al HDSHAK 
/OE A6 SPEEDSEL DIV4 DIV3 
/TPH VCC 



CK E AUXDECOD A3 A4 A5 GND 
IV2 DIV1 CSO BLOCREC DIRDIV 



/TPH 

/TPH.CLKF 
/TPH . SETF 

DIRDIV 
DIRDIV. CLKF 
DIRDIV. SETF 



CSO 
/DIV1 



/DIV1 . CLKF 
/DIV1.SETF 



/DIV2 . CLKF 
/DIV2 . SETF 



/DIV3 . CLKF 
/DIV3 . SETF 



A2 

CSO 

SYSRESET 

Al 

CSO 

/HDSHAKE 



,-Load A2 as flag 
;CLK w/ ADDR. decode 
fglobal system reset 

;Load speed ratio 
;CLK w/ ADDR. decode 
;CLR by CTS/RTS line 



/DIRDIV .'Controlled by speed 

HDSHAKE J option and CTS/RTS 

,-line 

/A6«A5«A4*A3»AUXDECOD*E 

JUART address valid 
DIV1 ; 4-bit synchronous 

.•divider LSB 
CK ICLK by CK(external) 

/DIRDIV ;CLR by speed option 



/DIV4 



/DIV4.CLKF 
/DIV4 . SETF 



:- /DIV1»/DIV2 

+ DIV1*DIV2 

= CK 

- /DIRDIV 

/DIV2*/DIV3 
+ /DIV1*/DIV3 
+ DIV1»DIV2»DIV3 

- CK 

- /DIRDIV 

/DIV3*/DIV4 
+ /DIV2VDIV4 
+ /DIV1*/DIV4 
+ DIV1*DIV2*DIV3*DIV4 

= /DIRDIV 

/Al 
= CSO 

- /HDSHAKE 



SPEEDSEL. CLKF 
SPEEDSEL. SETF 
SIMULATION 



TRACE_ON A1,A2,A3,A4,A5,A6,E, 

AUXDECOD, SYSRESET, /TPH, 
CSO, SPEEDSEL, DIRDIV, CK, 
DIV1 , DIV2 , DIV3 , DIV4 

SETF SYSRESET, /HDSHAKE 



CHECK /SPEEDSEL, /DIRDIV, TPH 

SETF /SYSRESET , Al , A2 , A3 , A4 , A5 , /A6 , HDSHAKE , 
E , AUXDECOD 



; 2ND stage of 
; divider 

;CLK by CK(external) 
;CLR by speed option 

; 3RD stage of 
;divider 

;CLK by CK( external) 
;CLR by speed option 

;4TH stage of 
.■divider MSB 



;CLK by CK( external) 
;CLR by speed option 



,-Load speed choice 
;CLK K/ ADDR. decode 



;CLR by CTS/RTS line 



;Signals to be 

; observed 



;Reset all regs 



;Set decode 
; condition 



CHECK /SPEEDSEL, DIRDIV 

FOR Il-l TO 15 DO 
BEGIN 
SETF CK 



SETF /CK 
END 



; Check SPEEDSEL and 
; DIRDIV regs 

;This portion 

; simulates divide 

;by four counter 



A3 
A4 
A5 
A6 
E 

AUXDECOD 
SYSRESET 
/TPH 
HDSHAKE 
CSO 

SPEEDSEL 
DIRDIV 
CK 
DIV1 
DIV2 
DIV3 
DIV4 



g g g gg 

XXHHHHHHHH 

XXHHHHHHHH 

XXHHHHHHHH 

XXHHHHHHHH 

XXHHHHHHHH 

YYT.T.T.T.T.T.T.T. 

XXHHHHHHHH 
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A6 
E 

AUXDECOD 
SYSRESET 
/TPH 
HDSHAKE 
CSO 

SPEEDSEL 

DIRDIV 

CK 

DIV1 

DIV2 

DIV3 

DIV4 
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Interrupt Controller 



Functional Description 

One of the more widely used computer families is the Digital 
Equipment Corp.'s PDP-1 1 series. Thisfamily of computers uses 
the DEC unibus to communicate between cards. A specific 
protocol is required to interface a card to the unibus. This 
protocol is described in the available DEC literature. 

Since the unibus is an asynchronous bus, much of the interface 
circuitry consists of combinational logic to generate specific 
signals and flip-flops which are set and reset as flags. This tends 
to use a lot of SSI and MSI logic packages. Using Monolithic 
Memories' PAL devices, much of this logic can be condensed 
into a few packages. Figure 2 is the schematic diagram for an 
interrupt Controller to be used on the unibus. (p. 6-30 of the 1976 
DEC PDP-11 Peripherals Handbook.) 

Many cards communicate over the bus by taking control of the 
unibus with an interrupt request, and then do whatever they 
require before releasing control. As can be seen, this interrupt 
controller takes six special interface ICs, (380 and 8881 bus 



drivers and receivers) eight MSI, SSI ICs, (7400, 7402 nad 7474s) 
along with some transistors and discrete parts. This parts count 
can be considerably reduced by using PAL20RA10 and 
PAL20L10 devices. 

Figure 1 shows how the circuit with the PAL devices would look. 
The two PAL devices allow almost all of the 7400, 7402 and 7474 
packages to be removed. (Almost a 4-1 saving in chip count.) 
In addition the preload pin (PRLD) on the 20RA10 allows the flip- 
flops to be easily set to a known state on power up, or when 
re-initializing. So the PAL devices reduce the logic package 
count from eight chips to three. 

This shows that by using PAL devices substantial space and 
circuit savings can be realized when interfacing to the unibus. 

In the schematic shown, thre are three VLSI devices, three MSIs 
and two SSIs. Using a PAL20RA1 logic circuit, it is possible to 
replace three MSIs and one SSI device, thereby reducing the 
chip count by a factor of two. The ICs inside the enclosed loop 
were replaced. 
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Interrupt Controller 




AL Design Specification 



Figure 1. 



PAL20L10 
INTRP01 

INTERRUPT LOGIC 

MONOLITHIC MEMORIES INC., SANTA CLARA, CA 

INTRAH INTRAHEN MCLEARAH INTRBH INTRBHEN MCLEARBH BGINBH 
BGINAH BUSSSYNL BUS BBS YL STARTINTRAL GND 

STARTINTRBL FF3RESET ENINTRB INTRDONEBH INTRDONEAH EN8881 
SSYN NBGINBH FF1RESET ENINTRA N BGINAH VCC 



EQUATIONS 








/NBGINAH 




BGINAH 


rFFl CLK CONTROL 








; BLOCK A 


/FF1RESET 




MCLEARAH+ENINTRA 


;SET FF1 CONTROL 








; BLOCK A 


/ENINTRA 




INTRAHEN* INTRAH 


.•ENABLE INTERRUPT A 


/NBGINBH 




BGINBH 


;FF3 CLOCK CONTROL 








; BLOCK B 


/SSYN 




BUSSSYNL* BUS BBS YL 


."SYNCHRONIZE FF2 & 








; FF4 


/EN8881 




START INTRAL*STARTINTRBL 


/ INTRDONEAH 






; INTERRUPT BUS 




BUSSSYNL+STARTINTRAL 


; SIGNAL INTERRUPT 








| DONE 


/ENINTRB 




INTRBH* INTRBHEN 


; ENABLE INTERRUPT B 


/FF3RESET 




MCLEARBH+ENINTRB 


;SET FF3 CONTROL 








; BLOCK B 


/INTRDONEBH 




BUSSSYNL+STARTINTRBL 


; SIGNAL INTERRUPT 



DESCRIPTION 

COMBINATORIAL LOGIC FOR PAL20RA10 INTERRUPT CONTROLLER 
(1ST PART OF THE TWO PALS SOLUTION: PAL20L10 & PAL20RA10) 
MONOLITHIC MEMORIES INC., SANTA CLARA, CA 
DAN KINSELLA 7/19/84 

NOTE: THIS PAL DESIGN SPEC WAS ASSEMBLED ON PALASM VI . 7 . 



INSIUL V 
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INSIDE PAL20L10 



- INSIDE PAL20RA10 




t=D= 



Figure 2. 
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Title DEC PDP-11 unibus interrupt controller 

Pattern Control. pds 

Revision A 

Author Dan Kinsella 

Company Monolithic Memories Inc. , Santa Clara, CA 

Date 3/1/85 

CHIP INTRCONTROL PAL20RA10 

PL AINTR NC ABGIN FF1RESET SSYN BINTR NC FF3RESET BBGIN 
NC GND 

NC OUT4 0UT3 OHT2 0UT1 FF3 NFF4 FF4 NFF2 FF2 FF1 VCC 



/FF1 
FF1.SETF 
FF1 . CLKF 

FF2 

FF2 . SETF 
FF2.CLKF 

/NFF2 
NFF2 . SETF 
NFF2.CLKF 

/FF3 
FF3.SETF 
PF3 . CLKF 

FF4 

FF4 . SETF 
FF4.CLKF 

/NFF4 
NFF4 . SETF 
NFF4 . CLKF 

/0UT1 

/OUT2 

/OUTS 

/OUT4 

SIMULATION 



/FF1*FF2 

- /FF1RESET 

- /ABGIN 

i- FF1 

- /AINTR 

- ABGIN* FF2*/SSYN 

:- FF1 

- /AINTR 

- ABGIN*NFF2 */SSYN 

/FF3*FF4 

- /FF3RESET 

- /BBGIN 

FF4 

- /BINTR 

= BBGIN*FF4*/SSYN 

FF3 

- /BINTR 

- BBGIN*NFF4*/SSYN 

- FF1+FF2 

- FF4+FF3 

- AINTR 
■ BINTR 



;Master control 
; block A 



;Bus Busy Signal 



;Bus sack signal 



; Master control 
; block B 



;Bus busy signal 



;Bus sack signal 



;Bus request signal 
; block A 

;Bus request signal 
.•block B 

;Intr. signal for 
;bus req. block A 
;Intr. signal for 
;bus req. block B 



TRACEJ 



CE_ON FF1RESET FF3RESET AINTR BINTR SSYN ABGIN BBGIN 
FF1 FF3 NFF2 NFF4 0UT1 OUT2 OUT3 OUT4 



SETF /FF1RESET /FF3RESET AINTR BINTR 



SETF FF1RESET FF3RESET /AINTR /BINTR 
ABGIN BBGIN 



SETF /SSYN 



; Clock FF1 and FF3 
; regs 

; Clock NFF and NFF3 
;regs 



Page : 1 

FF1RESET 

FF3RESET 

AINTR 

BINTR 

SSYN 

ABGIN 

BBGIN 

FF1 

FF3 

NFF2 

NFF4 

0UT1 

0UT2 

0UT3 

0UT4 



gg g 

LHHH 
LHHH 
HLLL 
HLLL 
XXXL 



LLLL 
LLLL 
XLLL 
XLLL 
XHHH 
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Video Frame Grabber 

Alfie Gilbert 



High performance Programmable Array Logic devices are 
powerful building blocks for video system applications. In this 
paper a tutorial approach is taken to describe the synthesis of a 
personal computer-based video digitizer peripheral. The design 
exercise features typical video frame buffer functional modules 
such as a time base generator, memory address generator and 



memory control logic which are integrated into a single Mega- 
PAL T " device. To maximize the information transfer from this 
tutorial the reader should be moderately familiar with general 
PAL design concepts, however, a minimal amount of video 
knowledge is required to grasp the design implementation. 



2175 Mission College Blvd. Santa Clara, CA950S4-1S92 Tel: (408) 970-9700 TWX: 910-338-2374 



Video Frame Grabber 




HOW TO GET LUCKY IN CALIFORNIA 

Hello my name is Alfie Gilbert. That is me on the right 
with my supervisor, John Birkner. John co-invented the 
PAL logic circuit back in 1977 and has championed these 
remarkable devices ever since. As a token of MMI's 
appreciation of John's effort, he drives a PORSCHE CARRERA 
which is quite a beautiful car. Not bad John , not bad at all! 

If you take the time to ask John how one might be so 
lucky as to be handed the keys to a turbo, he will answer 
you in one word, INNOVATE. So how do I innovate my way 
into a Porsche you are probably wondering? If you are a 
mature electronic engineer, you no doubt have some strong 
ideas and some direct innovative work experiences to serve 
as guidelines. Students and recent graduates however face 
a little different challenge. Although these individuals 
typically have few preconceptions about what is feasible, 
which is quite an asset, they often have not experienced 
the design process. 
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exercise to familiarize the novice designer with some of 
the tradeoffs and "tricks-of-the-trade" involved with 
logic design. If you are a student, I hope this application 
will help focus your creativity into something rewarding 
like John's car. GO FOR IT! 

As you probably noticed by now, this application note is 
written in the literary first person which is very unusual 
for technical subjects. I chose this style because I wanted 
to relate to you directly, designer to designer. Although 
I am presently employed as an applications specialist , I 
enjoy teaching electronics as a second career, which over 
the years has put me in direct contact with many students 
who seem to share one thing in common , the desire to 
invent something. PAL devices from the student perspective, 
are ideal vehicles for creative design because they directly 
realize digital logic equations in silicon. If a design 
can be described with Boolean algebra or state equations, 
it can be built with PAL devices. All this magic is made 
possible by systematically burning out a fuse array , the 
height of simplicity in ASIC design. 

SOME PERSPECTIVE 

PAL logic circuits participate in a segment of the 
semiconductor marketplace known as ASICs , which is an 
acronym for Application Specific Integrated Circuits. 
Programmable Array Logic, Gate Array, Standard Cell, and 
Full Custom technologies compete for market share in the 
ASIC arena. Typically, ASICs implement the functionality 
that would occupy a whole circuit board of standard MSI 
logic onto a single chip. Of the four ASIC technologies, PAL 
devices are by far the simplest to use. PAL-based designs 
typically can be implemented in a far shorter timeframe than 
with the other three alternatives. Development systems for 
PAL designs are less expensive as well. A typical PAL 
development system consists of a personal computer and a 
programming unit. This FRAME GRABBER design exercise, 
for example, was done using a COMPAQ computer, a VARIX 
programmer, and a TEKTRONIX scope. The pearl of wisdom 
which I would like to pass on to the reader is simple: No 
matter what you are designing or what technology (ASIC or 
standard logic) you use to design, it is easier to prototype 
the design with PAL devices. Any designer will tell you that 
PALs ARE GREAT BUILDING BLOCKS. Pros also know that true 
artists SHIP thier product FIRST. This is known as opening 
the window of opportunity and it is very crucial to the 
success of a product. The following is an excerpt from the 
Macintosh Design Case History article which appeared in 
IEEE SPECTRUM DECEMBER 1984. If you have a chance, read the 
entire article. 
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The computer's circuit density was one bottleneck. Mr. 
Smith had trouble paring enough circuitry off his first 
two prototype to squeeze them onto one logic board... 
Another problem with the Macintosh display was its 
limited dot density... 

Mr. Smith could think of but one alternative: combine 
the video and other miscellaneous circuitry on a single 
custom n-channel MOS chip. Mr. Smith began designing 
such a chip in February 1982. During the next six months 
the size of the hypothetical chip kept growing. . . 
After thinking about the problem for three months, Mr. 
Smith concluded in July 1982 that "the difference in 
size between this chip and the state of Rhode Island is 
not very great." He then set out to design the circuitry 
with higher-speed programmable array logic — as he had 
started to do six months earlier. He had assumed that 
higher resolution in the horizontal video required a 
faster clock speed. But he realized that he could 
achieve the same effect with clever use of faster 
bipolar-logic chips that had become available only a 
few months earlier. By adding several high speed logic 
circuits and a few ordinary circuits, he pushed the 
resolution to 512 dots. 

Another advantage was that the PALs were a mature 
technology and their electrical parameters could 
tolerate large variations from the specified values, 
making the Macintosh more stable and more reliable — 
important characteristics for a so-called appliance 
product . 

WHAT WIZARDS KNOW 

The fellow referred to as Mr. Smith in the excerpt from 
SPECTRUM is Burrell Smith. It is amusing that Burrell's 
business card really does read "HARDWARE WIZARD" which 
is a fairly accurate title considering his handiwork. He 
and Andy Hertzfeld (computer cult heroes out here in 
Silicon Valley) wrote a great technical description of 
the Macintosh System Architecture and System Software for 
BYTE Magazine, February 1984 (Volume 9, Number 2). I 
encourage you to reference that issue to get some insight 
into how creatively PALs may be employed in system design. 
The six PAL devices which are designed into the Macintosh 
are a lot more than "glue logic" . They form the core of the 
video graphics/bus management hardware. I can not elaborate 
too much more on the functionality of the Macintosh PAL set 
without touching on some proprietary subjects, so I won't, 
other than to mention that the MAC PAL devices are all from 
the "20 pin " family, PAL16R8-type parts. As you probably 
guessed, I own a MAC (as well as several other computers 
which I keep for historical reasons) really like it, and 
respect its designers. NICE WORK FOLKS! 
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OLD PAL DEVICES , NEW PAL DEVICES 

Technology has a way of marching on, with us or without 
us, therefore a substantial part of the design challange 
is often in picking the technological alternative which 
is most in league with the future. When Burrell Smith 
designed the MAC'S PAL set (back in 1982) the industry 
"workhorse" was the PAL16R8/PAL16L8 family of parts. 
The big advances at that time were in the speed area, 
fast (A) PAL devices which featured a propagation delay of 
only 25 ns were novel. Of course today in 1985 
we have even faster (B) PAL logic circuits which save yet 
another 10 ns of the propagation delay resulting in a 
blazing fast TPD of only 15 ns. Over the past few years, we 
have also seen the power consumption of MMI PAL devices 
decrease by a factor of two (-2) and a factor of four 
(-4 parts) . Most of these improvements and variations in 
speed and power for the 20-pin family have resulted from 
changes in our semiconductor process. All of these changes 
are certainly noteworthy, however, I think ARCHITECTURE is 
the area where MMI has really advanced by leaps and bounds. 
In 1984, MMI brought to market the first parts of our 
megaPAL family, the PAL64R3 2 and the PAL3 2R16 devices. 
MMI was flattered to be given the PRODUCT of the YEAR 
award (Electronic Products Magizine) for the PAL64R3 2 
logic circuits. I chose it for the heart of this design 
exercise. Our megaPAL devices feature several significant 
architectural improvements over previous PAL devices most 
notably, product term sharing, programmable output polarity, 
and register bypass. The PAL64R32 device has 32 input pins, 
32 output pins, and 256 product terms to relate the inputs 
to outputs. The PAL64R3 2 logic circuit is four times as 
dense as the PAL16R8 device, one of which is also included 
in this design exercise, because it will soon be fabricated 
in CMOS. 

DIFFERENT STROKES FOR DIFFERENT FOLKS 

Equally significant to the megaPAL, in terms of architecture, 
is another new PAL from MMI, the PAL20RA10 logic circuit 
(the RA in the designator stands for Registered Asynchronous) . 
Each of the 10 identical macrocells of the 2 0RA10 features a 
7474 type D flip-flop which may be asynchronously set or 
reset (via a product term) . The clock to the macrocell 
register is also derived from a product term which is a 
somewhat radical departure from traditional PAL architectures. 
Other features of the 20RA10 include macrocell register 
bypass (this is accomplished by simultaneously asserting 
set and reset, which of course is an illegal condition for 
a 7474 register) , and programable output polarity. The 
PAL20RA10 device is an extremely flexible and unstructured 
device. It is ideal for interfacing dissimilar signals, or 
interfacing to an asynchronous system bus. Needless to say, 
I have also chosen to include the PAL20RA10 device in this 
design exercise. MegaPAL devices are highly structured logic 
elements which make them ideal for synchronous logic. The 
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PAL2 0RA10 logic circuits are just the opposite, they are 
flexible and most effective in asynchronous environments. 
Because most applications have elements of structured and 
random logic, I am very enthusiastic about designing with 
megaPAL devices and PAL20RA10 logic circuits in tandem. 
The "trick", of course, is to partition the system so that 
synchronous logic is realized in the highly structured 
megaPAL device while the random logic is implemented by 
the more flexible RA PAL. 

THE IBM (INVERSE BURRELL MACHINE) CHIP SET 

As I am sure you have noticed, computer coupled raster 
graphics video systems have abounded in recent years. In 
just the consumer electronic sector we have witnessed the 
video game, the personal computer, and most recently 
digital television. This explosive growth, in part, has been 
fueled by the decreasing cost of memory, specifically RAM. 
RAM memory is important in modern raster video systems 
because it retains the luminance and chrominance information 
reguired by the display monitor to generate an image. This 
RAM memory is often refered to as the bit map of the video 
raster. A video controller is a device which facilitates a 
one-to-one pairing between each bit of the video RAM array 
and a specific location (coordinate) on the monitor's 
display tube. If you did investigate the Macintosh's video 
design, you no doubt realize the power and flexibity of PAL 
devices in implementing video controllers. What I propose 
we do together at this point, is invent a widget that does 
the INVERSE operation of a video controller, specifically a 
video digitizer/ frame buffer. Video controllers typically 
pull information out of RAM to form an output signal known 
as "composite video", our unit accepts composite video as 
input and stores that information in a RAM array. We will 
call it a FRAME GRABBER because that is exactly what it 
does. The host environment for our FRAME GRABBER will be 
a personal computer. This environment will provide a debug 
monitor during development and allow us to "reconstruct" 
our digital image thru the PC graphics mode for display. 
The FRAME GRABBER will interface thru the I/O channel of 
ubiguitous IBM-PC compatible computers. Application 
support software to simulate "gray scale" will be writen 
in a higher level language (turbo Pascal) , rather than 
Assembly language, in the hopes of being self explanatory. 

Before beginning our design exercise, let us review 
some video principles and get familiar with the signals 
which we will be dealing with. If you have no idea how a 
television works, Milt Wilcox wrote a good application note 
titled A Color TV Primer for the E.E. which may be found 
in National Semiconductor Linear Applications Handbook. It 
is worth reading, as is the video section of Donald Finke's 
classic Electronic Engineering Handbook. 
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Suppose we focus a typical consumer video camera (VHS or 
Beta format) on a target such as the one depicted in 
FIGURE ONE. The output signals of these types of video 
cameras were standardized several years ago by the EIA 
and formalized in a document known as RS-170A. This type 
of video signal is often referred to as "NTSC composite 
video" because it contains four distinct signal components 
which are merged together (for better or worse if you are 
a videophile) . These four signals are luminance (brigthness) 
chrominance (color) , audio (sound) , and synchronization. 
This type of signal is sufficient to directly drive most 
monitors, and is also the basis for television broadcast 
as well. The output signal of most video sources (VCRs, 
Videodisks,etc. ) that are sold in North America are also 
composite video, thus making them identical to this video 
camera example. That fact is handy to know, because it 
insures that our FRAME GRABBER widget will be compatible 
with most contemporary video sources (compatibility is a 
very important issue and should always be carefully 
considered by the designer as early as possible in a 
product design cycle) . 
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RS 1 70 A VIDEO SIGNAL 
"COMPOSITE VIDEO" 



FIGURE ONE 



Let's investigate the video output signal generated by the 
camera aimed at the "gray bar" target depicted in FIGURE 
ONE. The camera signal illustrated in FIGURE TWO is for 
the "scan" from point A to point B. The important thing 
for the reader to notice is that the camera output signal 
is proportional to the brightness (luminous intensity) of 
the target during the scan fron A to B. This process of 
scanning from right to left happens 262.5 times as the 
target is traversed from top to bottom. In between each 
scan is a time interval known as horizontal retrace (or 
H sync) . During this time the target scan is blanked as 
the raster retraces its path to get into position just 
slightly below point A. The scan process then repeats. 
The horizontal retrace time interval may be seen in the 
camera output signal of FIGURE TWO as the "pulse" which 
is labeled SYNC. It takes about 64 ms for a scan and 
retrace to occur. A collection of 2 62.5 consecutive 
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At this point, the scan blanks for a rather long time 
(the interval is known as vertical retrace and lasts 
for a period equal to 20 horizontal scans) as the 
raster moves vertically to the top of the target again. 
The whole field is then traced out again, however, the 
scans of the second field are offset by half a horizontal 
line. Two consecutive fields of video are known as a 
VIDEO FRAME. It is precisely this amount of information, 
a frame, which our widget will digitize and store in RAM, 
because this is the minimum information required to 
reconstruct an image. The total number of horizontal 
scans in one video frame is 262.5 scans/field times 2 
fields/frame or 525 scans/frame (NTSC composite video 
is often referred to as a 525 line system) . 
Incidentally, the reason why the two consecutive video 
fields are offset by half a horizontal scan is a "trick" 
called interlacing and it is helpful in reducing display 
tube flicker. 
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FIGURE TWO 



TIMING IS EVERYTHING 

In video systems, even more than in life, timing is critical. 
Video is a highly repetitive process and every event in that 
process happens in synchronous with a clock. The "clock" for 
composite video is usually an integer multiple (harmonic) 
of the NTSC "color burst" frequency. Color burst frequency 
is defined by the EIA to be 3.579545 MHz ( a copy of the 
RS-170A signal standard is included as an appendix to this 
design exercise) . The horizontal scan rate of composite 
video approximately 15,750 Hz (one scan period (H) = 
63.556 ms) . The field rate is 525/2 times the horizontal 
scan rate (about 60 Hz) which then makes the frame rate 30 Hz. 
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SOME QUICK NUMBERS 

On the bus expansion slots of personal computers which 
are hardware compatible with the IBM-PC is a signal 
called OSC which has a frequency of 14.318 MHz (fourth 
harmonic of color burst) . Since our FRAME GRABBER widget 
will be hosted by a PC, it is natural to use OSC as our 
system clock. The flash A/D conversion rate was chosen 
to be equal to color burst for this exercise. Some quick 
calculations on the FRAME GRABBER timing will reveal 
the following facts: If 30 Hz is the video frame rate and 
14.3 MHz is the system clock, 476190 system clock periods 
will elapse in one video frame. Since a nineteen bit 
counter is required to count to 476190 , the heart of the 
FRAME BUFFER will indeed be a counter of this length. If 
the video signal is digitized to two bits of accuracy per 
flash conversion and the flash conversion rate is 3.58 MHz 
119050 samples or 238100 bits (roughly 32k bytes of RAM) 
will be required to retain the information content of a 
video frame in memory. 
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01 79MHZ 
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/WRITE 

INC ADR 
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FIGURE THREE 



Since the FRAME GRABBER system clock rate is 14.3 MHz and 
the A/D flash conversion rate is 3.58 MHz four system clock 
cycles (280 nsec) elapse between conversions. The memory 
organization is 8 bits wide and the A/D accuracy is 2 bits 
wide therefore 4 sucessive flash conversions will have to 
be "packed" into each byte of RAM. Four sucessive flashes 
will require 16 system clock cycles (1.12 ms) to complete. 
A 4-bit counter obviously increments to 16, therfore it 
is natural to segment our requisite 19-bit counter into a 
4-bit counter (which will be implemented as the time base 
module of the megaPAL design specification) and a 
15-bit counter (address generation module) . A 15-bit 
counter increments to 32k which is the required memory 
address ranqe to store a video frame at our particular 
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A/D conversion rates and resolution. The reader can 
crosscheck these rough numbers by remembering that a 
memory write occurs every 1.12 ms (16 cycles of the 
system clock) and a horizontal scan takes about 
64 ms, therfore 58 bytes are required to store a 
line of video. There are 525 lines in a video frame, so 
the address counter will increment to 30,450 over the 
duration of a video frame in we allow it to "free run". 
The outputs of the FRAME GRABBER time base module are 
illustrated in FIGURE THREE, as well as the write enable 
signal, to the static RAMs (/WRITE), the flash A/D bus 
output enable (/FLOE) and address counter increment 
signal (INCADR) . This should give some idea of the basic 
system timing. 

CLAMP PLEASE 

In most video cameras, the RS-170 output signal is usually 
AC coupled at the source for isolation purposes. This 
situation presents a small problem for the FRAME GRABBER 
because the input video signal is "floating", i.e., it lacks 
DC integrity. In order for an AC-coupled signal to be 
digitized, it must be "clamped" (DC restored) before it 
can be compared against a series of voltage thresholds. 
A traditional circuit to accomplish this technique of 
flash A/D conversion usually involves a series of linear 
comparators and an accurate resistor network to divide 
down a precision voltage reference. DC restoration is 
generally accomplished by "dumping" one side of a 
coupling capacitor with a transistor during the back 
porch interval of horizontal retrace. For low-resolution 
applications, however, a much simpler PAL-based circuit 
can perform the same function. 
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FIGURE FOUP 
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The FRAME GRABBER video clamp/flash converter circuit is 
shown in FIGURE FOUR. Let's investigate how this circuit 
operates from an analog point of view. The DC voltage at 
node A (VA) is about 2 . 1 volts if one assumes each of the 
three silicon diodes has a forward voltage drop of .7 volt 
when driven hard (RS must be on the order of 500 ohms) . The 
voltage VB will then be 1.4 volts or one diode drop below VA. 
If the Thevenin equivalent impedance to ground at node B 
was infinite, the most negative part of the AC coupled 
video input signal (H sync) would be clamped at 1.4 volts 
by the action of the diodes and capacitor. In reality the 
circuit is not a perfect clamp because other currents do 
indeed enter and leave node B, but it does work reasonably 
well if C is large (on the order of 100 microfarads for 
our Z Thevenin of 5k ohms) . The clamped video signal will 
be diminished at the input nodes T2, Tl, and TO by the 
ratio dictated by the voltage divider formed by Rl , R2 , R3 , 
and R4. The voltages at nodes T3 , T2, Tl, and TO implicitly 
are "compared" against the internal threshold (about 1.4 
volts) of the PAL device input structure which causes a 
logic level discrimination or conversion. This simple 
flash A/D converter implemented by a PAL16R8 and a few 
passives performs surprisingly well if the PAL digital 
noise is mostly common mode with the input (avoid ground 
loops at all cost) . This scheme may easily be extended 
to 3 bits of resolution which requires 8 thresholds to 
be encoded, if 1% resistors are used in the ladder. For 
higher resolution applications, the design may include 
comparators to front end the PAL device. Above 3 bits 
of resolution, a bipolar technology imposed limitation 
on this A/D technique occurs because the input structure 
of a TTL PAL device will both source and sink current 
depending on the voltage magnitude at the input. This 
leakage current obviously increases with the number of 
thresholds and has a cumulative negative effect in the 
resistor string. Future CMOS PAL logic circuits will 
be ideal for these applications however, because of the 
high input impedance of CMOS devices. 

THE FRAME GRABBER SYSTEM OPERATION 

The FRAME GRABBER system diagram is illustrated in FIGURE 
FIVE. Three PAL devices form the core of the system. The 
megaPAL device handles most of the timing, address, and 
control logic. The PAL16R8 handles A/D conversion and local 
bus interface, while the PAL20RA10 serves to interface the 
local bus to the host PC I/O channel bus. To complete the 
system four 8k byte static RAMs form the buffer memory and 
an octal transceiver (74LS245) provides sufficent drive for 
the I/O channel. The FRAME GRABBER has two modes of 
operation. When the MODE control bit is high, the unit is 
in the capture mode. Video input will continuously be 
digitized and stored in RAM. When the MODE bit is low, or 
read mode, the PC I/O channel takes over memory control. 
The byte of buffer memory pointed to by the address counter 
value can be accessed by an I/O reference to location 100 HEX. 



3-54 



Monolithic UUTIJ Memories 



Video Frame Grabber 



l» 



VCC HM6264 

8,1x8 
STATIC RAM 

10 987654 3 25 1 24| 21 1 23| 2 [l 



14 



11 12 13 15 16 17 18 19 



VCC 
CS2 



HM6264 
8K»6 
STATIC RAM 



♦SV-p 

m 



25 24 21 23 2 1 1 



11 12 13 15 16 17 18 19 



VCC 
CS2 



HM6264 
8Kx8 
STATIC RAM 



•5V-J- 



HM6264 
8Kx8 

CS2 STATIC RAM 

CS1 WE OE AO A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 NC 



00 01 D2 D3 04 D5 D6 D7 



2 1 



cso 

CS1 
CS2 
CS3 
VCC 
PL1 
PL2 
PL3 
PL4 



0E1 
OE2 
0E3 
OE4 

INC 
CLRADR 
MODE 
FBRRD 



10 

33 


VCC 
PS1 


52 


75 


PS2 
PS3 
PS4 


74 



GND GND 1 S 



J53 Jl1 |2l|20|l9|l7 



FBRWE 



luj * * x: 



-1 O 

A. 



VIDEO C1 
'NPUT (§) L#- 
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REVISION 
AUTHOR 
COMPANY 
DATE 

CHIP 



A.G.GILBERT 

MMI SANTA CLARA, CA. 

12/17/84 

FLASH PAL16R8 DEVICE 



CLK /CLR Q358 Q716 NC T3 T2 Tl TO GND 
/OE DO Dl D2 D3 D4 D5 D6 D7 VCC 

FLASH A/D MODULE 
This design specification module implements a low resolution 
Flash A/D converter. Four input thresholds (T3 thru TO) are 
synchronously encoded into two bit groupings, then "packed" 
four times to form an output byte. This packing operation is 
accomplished by two parallel four bit shift registers which 
are functionally implemented in this PAL device. One shift register 
operates on even bits while the other on odd bits (e.g. 
DO - D2 - D4 - D6) . These CONVERSION/SHIFT operations occurs 
on the rising edge of the 14.3818 MHz system clock when time 
base input clocks are in the proper state. Four periods of the 
system clock elapse between sucessive Flash conversions for an 
effective Flash rate of 3.58 MHz. If the clamped video input signal 
has sufficent magnitude to cross the upper three thresholds (white) 
the two bit encoding would be 11. If none of the four thresholds 
(Hsync) were crossed, the encoding would be 00. The first encoding 
in a sequence of four flashes will end up registered in D7 and D6. 
The last encoding will be registered in Dl and DO. A monotonically 
increasing video signal from Hsync to black to gray to white 
would be represented by 00011011 after packing. Get the idea? 
One final comment, the PAL16R8 device does not have an output 
polarity fuse, therefore, this design specification module 
is implemented in negative logic. 



EQUATIONS 
/DO 



:=/CLR*/T3*/T2*/Tl*/T0* g-j^g* Q716 ;CONVERT 

+/CLR* T3* T2*/T1*/T0* q 358 * q 7 i 6 ;CONVERT 
+/CLR*/Q358*/D0 ;HOLD 

+/CLR*/Q716*/D0 ;HOLD 
+ CLR ; CLEAR 



/Dl 



/D2 



:=/CLR*/T3*/T2*/Tl*/T0* Q358* Q716 

+/CLR* T3*/T2*/T1*/T0* q 358 * q 7 i 6 
+/CLR*/Q358*/D1 
+/CLR*/Q716*/D1 

+ CLR 



:=/CLR* Q358*/D2 
+/CLR*/Q716*/D2 

+/CLR*/Q358* Q716*/D0 
+ CLR 



; CONVERT 
; CONVERT 
;HOLD 
; HOLD 
; CLEAR 

;HOLD 
; HOLD 
; SHIFT 
; CLEAR 
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+ CLR 



; SHIFT 
; CLEAR 



/D4 :=/CLR* Q358*/D4 

+/CLR*/Q716*/D4 
+/CLR*/Q358* Q716*/D2 
+ CLR 

/D5 :=/CLR* Q358*/D5 

+/CLR*/Q716*/D5 
+/CLR*/Q358* Q716*/D3 
+ CLR 



; HOLD 
; HOLD 
; SHIFT 
; CLEAR 

;HOLD 
; HOLD 
;SHIFT 
; CLEAR 



/D6 :=/CLR* Q358*/D6 

+/CLR*/Q716*/D6 
+/CLR*/Q358* Q716*/D4 
+ CLR 



; HOLD 
;HOLD 
; SHIFT 
; CLEAR 



'D7 :=/CLR* Q358*/D7 

+/CLR*/Q716*/D7 
+/CLR*/Q358* q 716 */ D5 

+ CLR 



; HOLD 
; HOLD 
; SHIFT 
; CLEAR 



PALASM1 SOFTWARE FUNCTION TABLE DESCRIPTION 



8 6 

; CONTROL INPUTS 5 1 

;/OE CLK /CLR T3 T2 Tl TO Q3 Q7 



OUTPUTS 
D7 D6 D5 D4 D3 D2 Dl DO 
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CLEAR 

ENCODE WHITE 

HOLD 

SHIFT 

HOLD 

ENCODE GRAY 
HOLD 
SHIFT 
HOLD 

ENCODE BLACK 

HOLD 

SHIFT 

HOLD 

ENCODE HSYNC 

HOLD 

SHIFT 

HOLD 

TRISTATE 
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SIMULATION 

; 

; This "brute force" simulation specification directly 

; implements the PALASM1 SOFTWARE style function table described above. 
TRACE ON T3 T2 Tl TO Q358 Q716 D7 D6 D5 D4 D3 D2 Dl DO 



SETF OE CLR 
CLOCKF CLK 

CHECK /D7 /D6 /D5 /D4 /D3 /D2 /Dl /DO 

SETF /CLR T3 T2 Tl /TO Q358 Q716 

CLOCKF CLK 

SETF /Q358 /Q716 

CLOCKF CLK 

SETF /Q358 Q716 

CLOCKF CLK 

SETF Q358 /Q716 

CLOCKF CLK 

SETF T3 T2 /Tl /TO Q358 Q716 

CLOCKF CLK 

SETF /Q358 /Q716 

CLOCKF CLK 

SETF /Q358 Q716 

CLOCKF CLK 

SETF Q358 /Q716 

CLOCKF CLK 

SETF T3 /T2 /Tl /TO Q358 Q716 

CLOCKF CLK 

SETF /Q358 /Q716 

CLOCKF CLK 

SETF /Q358 Q716 

CLOCKF CLK 

SETF Q358 /Q716 

CLOCKF CLK 

SETF /T3 /T2 /Tl /TO Q358 Q716 

CLOCKF CLK 

SETF /Q358 /Q716 

CLOCKF CLK 

SETF /Q358 Q716 

CLOCKF CLK 

SETF Q358 /Q716 

CLOCKF CLK 

SETF /OE 



; CLEAR 

; ENCODE WHITE LEVEL 

;HOLD 

; SHIFT 

;HOLD 

; ENCODE GRAY LEVEL 
; HOLD 
; SHIFT 
;HOLD 

; ENCODE BLACK LEVEL 

;HOLD 

; SHIFT 

;HOLD 

; ENCODE HSYNC LEVEL 

;HOLD 

; SHIFT 

;HOLD 

;TRISTATE 
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REVISION A 

AUTHOR ALFIE / KELVIN 

COMPANY MMI, SANTA CLARA, CA 

DATE 12/20/84 

CHIP INTERFACE PAL20RA10 DEVICE 

NC AEN /IOW BA9 BA8 BA7 BA6 BA5 BA4 DO Dl GND 

/OE D2 /FBRRD /FBRWE INC /CLRADR MODE Q3 /IOR /245EN D3 VCC 

; This design specification module implements a nibble wide (four bit) 
; control register for the FRAME GRABBER unit. The outputs of this 
; module respond to the address, data, and control lines of the host 
; Personal computer which must be hardware compatible with the IBM PC. 
; Some of the outputs are combinatorial while others are registered for 
; obvious reasons. This module is implemented in mixed logic and 
; demonstrates the superior flexibity of this new PAL device. 

EQUATIONS 



FRAME GRABBER CONTROL REGISTER MODULE 



CONTROL REGISTER "INC" BIT 

OUTPUT IS DERIVED FROM HOST COMPUTER DATA BUS LINE DO 
IF AN I/O WRITE OCCURS AT LOCATION 110 THRU 11F HEX 




:= DO 

= / AEN* IOW*/BA9 * BA8 */ BA7 */ BA6 */ BA5 *BA4 



; CONTROL REGISTER "/CLRADR" BIT 

; OUTPUT IS DERIVED FROM HOST COMPUTER DATA BUS LINE Dl 
; IF AN I/O WRITE OCCURS AT LOCATION 110 THRU 11F HEX 



/CLRADR := /Dl 

/CLRADR. CLKF = /AEN*IOW*/BA9*BA8*/BA7*/BA6*/BA5*BA4 



; CONTROL REGISTER "MODE" BIT 

; OUTPUT IS DERIVED FROM HOST COMPUTER DATA BUS LINE D2 
; IF AN I/O WRITE OCCURS AT LOCATION 110 THRU 11F HEX 




; UNUSED CONTROL REGISTER BIT 

; ALSO RESPONDS TO AN I/O WRITE TO 11X HEX 



Q3 := D3 

Q3.CLKF = /AEN*IOW*/BA9*BA8*/BA7*/BA6*/BA5*BA4 



HOST SYSTEM I/O DECODER 



THIS COMBINATORIAL OUTPUT IS USED TO ENABLE THE BUS BUFFER 
74LS245 IF THE HOST REFERENCES I/O LOCATIONS 100 THRU 11F HEX 



245EN 



/AEN*/BA9*BA8*/BA7*/BA6*/BA5 



THIS COMBINATORIAL OUTPUT IS USED TO FILL THE FRAME BUFFER 
RAM LOCATION POINTED TO BY THE ADDRESS GENERATOR WHEN 
THE HOST COMPUTER WRITES TO I/O LOCATION 10X HEX 



FBRWE 



= /AEN*IOW*/BA9 *BA8 */BA7 */BA6 */BA5 */BA4 



THIS COMBINATORIAL OUTPUT IS USED TO READ THE FRAME BUFFER 
RAM LOCATION POINTED TO BY THE ADDRESS GENERATOR WHEN 
THE HOST COMPUTER READS I/O LOCATION 10X HEX 



FBRRD 



= /AEN*IOR*/BA9*BA8*/BA7*/BA6*/BA5*/BA4 



SIMULATION 

TRACE_ON AEN /IOR /IOW BA9 BA8 BA7 BA6 BA5 BA4 D3 D2 Dl DO 
Q3 MODE /CLRADR INC /FBRWE /FBRRD /245EN 

SETF OE /AEN /IOR IOW /BA9 BA8 /BA7 /BA6 /BA5 BA4 D3 D2 Dl DO 
SETF /IOW /DO 

SETF IOW /D2 ; CLOCK CONTROL REG 

SETF /IOW /D3 /Dl 
SETF IOW D2 DO 

SETF OE /AEN /IOR IOW /BA9 BA8 /BA7 /BA6 /BA5 BA4 /D3 /D2 /Dl /DO 



SETF /IOR IOW /BA4 

SETF IOR /IOW /BA4 

SETF /IOR /IOW /BA9 BA8 /BA7 /BA6 

SETF BA6 /BA5 

SETF BA7 /BA6 

SETF /BA8 /BA7 

SETF BA9 BA8 

SETF AEN /BA9 



; ASSERT /FBRWE 

; ASSERT /FBRRD 

BA5 ; ASSERT /245EN 

;UNASSERT 

; ACTIVE ADDRESS 

; RANGE 



m 



3-61 



Video Frame Grabber 



Title : 
Pattern : 
Revision : 

PAL20RA10 
INTERFACE 



HOST BUS INTERFACE/ Author 
PALHB6 . PDS 



Page 



AEN 
/IOR 
/IOW 
BA9 
BA8 
BA7 
BA6 
BA5 
BA4 
D3 
D2 
Dl 
DO 
Q3 

MODE 



/FBRRD 
/245EN 



1 

g 



gg gg g ggggggg 
LLLLLLLLLL LLLLLLL 
HHHHHHHHHH HLHHHHH 
LLLHLLHLLL LHHHHHH 
LLLLLLLLLL LLLLLLH 
HHHHHHHHHH HHHHHLH 
LLLLLLLLLL LLLLHLL 
LLLLLLLLLL LLLHLLL 
LLLLLLLLLL LLHLLLL 
HHHHHHHHHH LLLLLLL 
HHHHHHLLLL LLLLLLL 
HHHHLLLHHL LLLLLLL 
HHHHHHLLLL LLLLLLL 
HHHLLLLHHL LLLLLLL 
XHHHHHHHLL LLLLLLL 
XHHHLLLHHH HHHHHHH 
/CLRADR XLLLLLLLHH HHHHHHH 
INC XHHHHLLHHH HHHHHHH 
/FBRWE LHHHHHHHHH LHHHHHH 
LHHHHHHHHH HLHHHHH 
HLLLLLLLLL LLHHHHH 



Date 



ALFIE / KELVIN 
, SANTA CLARA, 
12/20/84 



CA 



NC \2 
AEN |T 
IOW ^ 
BA9 ^ 
BA8 |T 
BA7^[ 
BA6 [T 
BA5^ 
BA4^ 
DOpO 

□1 [TT 

gndQT 



- h] 02 
I o<J-13|0E 



24] vcc 

D3 
22] 245EN 
2l]iOR 
20] Q3 
19] MODE 
ia] CLRADR 
l7] INC 



16] FBRWE 
15] FBRRD 
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TITLE FRAME GRABBER 

PATTERN PALHB5 . PDS 

REVISION B 

AUTHOR A G GILBERT 

COMPANY MMI SANTA CLARA CA. 

DATE 3/7/85 

CHIP FRAME_GRABBER PAL64R32 



INC /CLRADR MODE /PWRUP /FBRRD /FBRWE NC NC 

PL1 PS1 GND CLK1 /OE1 Q716MHZ Q358MHZ Q179MHZ Q090MHZ 

/FLOE /WRITE INCADR INCDLY /CSO /CS1 /CS2 /CS3 

/RAMOE /RAMWE NC NC /OE2 CLK2 VCC PS 2 PL2 

NC NC NC NC NC NC NC NC NC NC NC NC NC NC 

NC NC PL3 PS 3 GND CLK3 /OE3 All A10 A12 A9 

A13 A8 A14 CARRY A4 A3 A5 A2 A6 Al A7 AO /OE4 

CLK4 VCC PS 4 PL4 NC NC NC NC NC NC NC NC 

EQUATIONS 

TIME BASE MODULE 

;This design specification module implements a four-bit synchronous 
; counter. The outputs of this counter are used internally to generate 
;the proper phase of various address or data bus control signals. 
;The time base counter is free running (i.e. it does not reguire a 
; count enable signal) , however, it may be reset at power up by the 
; active-low assertion of the input signal /PWRUP (notice that the 
; reset feature does not cost a product term, which is the more general 
;case, by matching the input assertion level to desired output level) . 
;The system oscillator which has a freguency of 14.31818 MHz, is used 
; clock the time base module. 

Q716MHZ :=/Q716MHZ */PWRUP ; TOGGLE OUTPUT 

.•OTHERWISE RESET OUTPUT 



Q358MHZ := Q716MHZ */Q358MHZ */PYTRVP 
+/Q716MHZ * Q358MHZ */PWRUP 



; TOGGLE OUTPUT 
; TOGGLE OUTPUT 
; OTHERWISE RESET OUTPUT 



Q179MHZ := Q716MHZ * Q358MHZ VQ179MHZ */PWRUP 
+/Q716MHZ * Q179MHZ */PWRVP 

+ /Q358MHZ * Q179MHZ */PWRUP 



; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; OTHERWISE RESET OUTPUT 



Q090MHZ 



Q716MHZ * Q358MHZ * Q179MHZ */Q090MHZ */PWRUP /TOGGLE OUTPUT 



+/Q716MHZ 

+ 

+ 



* Q090MHZ */PWRUP ; TOGGLE OUTPUT 
/Q358MHZ * Q090MHZ */PWRUP ; TOGGLE OUTPUT 

/Q179MHZ * Q090MHZ */PWRUP /TOGGLE OUTPUT 
/OTHERWISE RESET OUTPUT 



RAM ADDRESS GENERATOR MODULE 

This design specification module implements a fifteen bit synchronous 
/counter. The outputs of this counter are used to address the RAM 
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iJiK. cyi.es. aince lour ax. oyie static tuuis are usea to lmpiemeni tne 

;buffer, outputs A14 and A13 are not directly connected to the memories, 

;but rather are inputs to the RAM MEMORY DECODER MODULE. 

;A registered look ahead carry bit (CARRY) is employed to couple 

;the low and high byte of address. The address counter is enabled by 

;the active high assertion of the signal INCADR. The counter may be 

; reset to zero by the active low assertion of the input signal /CLRADR. 

;This counter is clocked by the same 14.3 MHZ oscillator as the 

;time base generator. 



AO :=/A0 * INCADR */ CLRADR 

+ AO */INCADR */CLRADR 



; TOGGLE OUTPUT 
;HOLD OUTPUT 
; OTHERWISE RESET OUTPUT 



Al := AO */Al * INCADR */CLRADR 

+/A0 * Al * INCADR */CLRADR 
+ Al */INCADR VCLRADR 



; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; HOLD OUTPUT 

; OTHERWISE RESET OUTPUT 



A2 



:= AO * Al */A2 * INCADR */ CLRADR 

+/A0 * A2 * INCADR */ CLRADR 

+ /Al * A2 * INCADR */ CLRADR 

+ A2 */INCADR */ CLRADR 



; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; HOLD OUTPUT 

; OTHERWISE RESET OUTPUT 



A3 



:= AO * Al * A2 
+/A0 

+ /Al 

+ /A2 

+ 



*/A3 

* A3 

* A3 

* A3 



* INCADR */ CLRADR 

* INCADR */ CLRADR 

* INCADR */CLRADR 

* INCADR */ CLRADR 



; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; TOGGLE OUTPUT 

; TOGGLE OUTPUT 



A3 */ INCADR */ CLRADR 



; HOLD 
/OTHERWISE RESET 



OUTPUT 
OUTPUT 



A4 



A5 



:= AO * Al * A2 * A3 */A4 * INCADR 

+/A0 * A4 * INCADR 

+ /Al * A4 * INCADR 

+ /A2 * A4 * INCADR 

+ /A3 * A4 * INCADR 

+ A4 */ INCADR 

:= AO * Al * A2 * A3 * A4 */A5* 



*/ CLRADR 
*/ CLRADR 

VCLRADR 
*/ CLRADR 

VCLRADR 
VCLRADR 



; TOGGLE 
; TOGGLE 
; TOGGLE 
; TOGGLE 
; TOGGLE 
;HOLD 



; OTHERWISE RESET 



OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 



A6 

















INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 


+/A0 








* 


A5 


* 


INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 


+ 


/Al 






* 


A5 


* 


INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 


+ 




/A2 




* 


A5 


* 


INCADR 


*/ CLRADR 


; TOGGLE 


OUTPUT 


+ 






/A3 


* 


A5 


* 


INCADR 


*/ CLRADR 


; TOGGLE 


OUTPUT 


+ 






/A4 


* 


A5 


* 


INCADR 


*/ CLRADR 


; TOGGLE 


OUTPUT 


+ 










A5 


*/ INCADR 


*/ CLRADR 


; HOLD 


OUTPUT 


















; OTHERWISE 


RESET 


OUTPUT 


= AO 


* Al 


* A2 


* A3 


* 


A4 


* 


A5 */A6 


* 




















INCADR 


*/ CLRADR 


; TOGGLE 


OUTPUT 


+/A0 








* 


A6 


* 


INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 


+ 


/Al 






* 


A6 


* 


INCADR 


*/ CLRADR 


; TOGGLE 


OUTPUT 
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+ 




/A2 




* 


A6 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 








/A3 


* 


A6 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 








/A4 


* 


A6 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 








/A5 


* 


A6 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 










A6 


*/ INCADR 


VCLRADR 


;HOLD 


OUTPUT 




















; OTHERWISE 


RESET 


OUTPUT 


A7 


:= AO 


* Al 


* 


A2 * A3 


* 


A4 


* A5 * A6 */A7* 






















INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+/A.0 










* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/Al 








* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 








/A2 




* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


nTTTPTTT 




+ 








/A3 


* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 








/A4 


* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 








/A5 


* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 








/A6 


* 


A7 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




4. 












a "7 
A / 


*/ INCADR 


VCLRADR 


; HOLD 






















.■OTHERWISE RESET 


OUTPUT 


CARRY 


:=/AO 


* Al 


* 


A2 * A3 


* 


A4 


* A5 * A6 * A7 * 




















INCADR 


VCLRADR 


; XOGGij£i 


LAKHi 




+ 








CARRY 




*/ INCADR 


VCLRADR 


; HOLD 


CARRY 




















; OTHERWISE 


RESET 


CARRY 


A8 


:=/A8 


* CARRY * INCADR 


VCLRADR 




; TOGGLE 


OUTPUT 




+ A8 


*/ CARRY 






VCLRADR 




; HOLD 






+ A8 






*/ INCADR 


*/CLRADR 




; HOLD 


OUTPUT 


A9 


:= A8 


*/A9 


* 


CARRY * 


INCADR */CLRADR 


; TOGGLE 


OUTPUT 




+/A8 


* A9 


* 


CARRY * 


INCADR VCLRADR 


; TOGGLE 


OUTPUT 




+ 


A9 


*/ CARRY 






VCLRADR 


;HOLD 


OUTPUT 




_|_ 

I 


A9 


VINCADR */CLRADR 


; HOLD 


nTTTTDTTT 1 
UU 1 fU 1 


A10 


:= A8 


* A9 


*/A10 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+/A8 




* 


A10 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A9 


* 


A10 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 






AlO 


*/ CARRY 




VCLRADR 


; HOLD 


OUTPUT 




+ 






A10 








VINCADR 


VCLRADR 


; HOLD 


OUTPUT 


Al 1 


• = Aft 


* A9 


* 


AlO 


*/All 


* 




















CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A8 


* 


All 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A9 


* 


All 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A10 


* 


All 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 






All 


*/ CARRY 




VCLRADR 


; HOLD 


OUTPUT 




+ 






All 








*/ INCADR 


VCLRADR 


; HOLD 


OUTPUT 


A12 


:= A8 


* A9 


* 


AlO 


* All 


*/A12 * 


















CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A8 


* 


A12 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A9 


* 


A12 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 


/A10 


* 


A12 


* CARRY 


* INCADR 


VCLRADR 


/TOGGLE 


OUTPUT 




+ 


/All 


* 


A12 


* CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 






A12 


*/ CARRY 




VCLRADR 


; HOLD 


OUTPUT 




+ 






A12 








VINCADR 


VCLRADR 


; HOLD 


OUTPUT 
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Alo 


• 


AO 


* a n 

* A9 




tv i n 
A10 




All * 


A1Z */AIJ 


tV 




















p 7V "DID V 


* XML- A UK 


x / L-XjKAUK 


• TTVP , P" T T? 


UU 1 JrU 1 




i 

T 




/ 7V Q 

/ Ao 




AX J 




LAKKx 


4> TVTP A T"^TJ> 

w IJNL.ADK 


* /PT DA n'D 

*/ L-XiKADK 


■ TOPPT T? 
/ lULrV_rXi__ 


UU 1 JrU 1 




T 




/A9 




ATT 
AX J 


* 


CARRY 


* IJNL.ADK 


71 / UJjKAUK 


/ ±UL7V_rJ_iJ_. 


UU 1 JrU 1 




+ 




/A10 


* 


A13 


* 


CARRY 


* INCADR 


VCLRADR 


; TOGGLE 


OUTPUT 




+ 




/All 


* 


A13 


* 


CARRY 


* INCADR 


*/CLRADR 


; TOGGLE 


OUTPUT 




+ 




/Ml 

/ A1.2 




AlJ 


* 


CARRY 


* XNCADK 


/PTTDTl r\T_t 

*/ CXiKADK 


; lUvjLrJjJi, 


P»TTmT3TTT< 

UU 1 JrU I 




+ 








nil 
A13 


*/ CARRY 




*/C-LiRADR 


• TJ/~\ T T*V 


PvT TrTl "DTTrn 

uu ijvu 1 




+ 








Al 3 






*/ XJnL-ADK 


<*■ /PT T3A FN 13 

*/ CLRADR 


• T-JP\T T> 

i xiUXiD 


PNTTrTTDTTTi 

UU 1 JrU I 


A14 




7V O 

Ao 


* A9 


"it 


All) 


* 


All * 


7V T 4 7V 1 *3 

AXZ * AXJ 


*/ AI4 * 




















CARRY 


* INCADR 


4 /PTTJATVTJ 
*/CXlKADR 


• fnpppT tj 
? IOvjVjXiI- 


PvTTmTlTTrn 
UU 1PU 1 




+ 




/ Ao 




A14 


* 


CARRY 


* INUADR 


+ /PT TJA T*\"D 

*/ L-XiKADR 


• mp\pp t t? 
/ X Uv_tv_rijJ_i 


PtTTTTDTTTi 

UU 1 JrU 1 




+ 




/A9 


* 


A14 


* 


CARRY 


* INCADR 


*/CLRADR 


• mp\p p t t 
; TOGGLE 


f\T Tm TIT TTI 

OUTPUT 




+ 




/A10 




A14 


* 


CARRY 


<4> TW/^Ti TM~) 

* INCADR 


■a- / p t "o a nn 
*/ CLRADR 


■ mpppT f 
; TOGGLE 


PvTTmTlTTrn 
OUTPUT 




+ 




/All 


* 


A14 


* 


CARRY 


* INCADR 


*/CLRADR 


; TOGGLE 


OUTPUT 




+ 




/A12 


* 


A14 


* 


CARRY 


* INCADR 


*/CLRADR 


; TOGGLE 


OUTPUT 




+ 




/A13 


* 


A14 


* 


CARRY 


* INCADR 


*/CLRADR 


; TOGGLE 


OUTPUT 




+ 








A14 


*/ CARRY 




*/CLRADR 


; HOLD 


OUTPUT 




+ 








A14 






*/ INCADR 


VCLRADR 


;HOLD 


OUTPUT 



RAM MEMORY DECODER MODULE 

7 

;This design specification module implements a basic combinatorial 
;2 To 4 Line Decoder. The outputs (/CS0,/CS1,/CS2,/CS3) are connected 
;to the active low chip selects of the four frame buffer static RAMs. 
;Since the decoder outputs are active low, it is natural to realize 
;this module in negative logic. Notice that the logical sence of 
;the following output variables is opposite that of their name in 
;the pin list e.g. CSO vs. /CSO , this is key to implementing 
/negative logic. 



CSO 


=/A14 


*/A13 


; OUTPUT 


ASSERTS 


ON 


BINARY 


COUNT 


OF 








CS1 


=/A14 


* A13 


; OUTPUT 


ASSERTS 


ON 


BINARY 


COUNT 


OF 





1 


CS2 


= A14 


*/A13 


; OUTPUT 


ASSERTS 


ON 


BINARY 


COUNT 


OF 


1 





CS3 


= A14 


* A13 


; OUTPUT 


ASSERTS 


ON 


BINARY 


COUNT 


OF 


1 


1 



RAM MEMORY CONTROL MODULE 

;This module generates several miscelaneous control signals which 
;will be described individually. Some of these outputs are registered 
;and some are combinatorial. 

;This signal (/WRITE) is a 70 nsec negative pulse used to write the 
; frame buffer RAMs when the unit is in the capture mode of operation. 
;This output is derived from the time base generator and it is 
; realized in negative logic. 

WRITE := Q716MHZ */Q358MHZ * Q179MHZ * Q090MHZ * MODE */PWRUP 
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;This equation implements a 2 TO 1 DATA MULTIPLEXER. The output 
.•signal (/RAMWE) may be thought of as the write enable line for the 
; static RAMs. This output is derived indirectly from either the 
;time base generator (/WR1 .) or t v e host personal computer control 
;bus (/FBRWE) . This allows the PC to fill the FRAME GRABBER by doing 
;an I/O write. 

/RAMWE =/WRITE * MODE 
+/FBRWE */MODE 

;This equation also implements a 2-T0-1 MUX, again controlled by the 
;mode signal. This signal is used to enable the address counter so it 
;can increment (remember that the address counter is clocked by the 
;14.3 MHz system clock). The output is derived from the time base 
.•generator if the FRAME GRABBER is in the capture mode, or from the 
; rising edge of the input signal INC if the unit is in the read mode. 
; INCADR is positive polarity pulse with a duration equal to one system 
; clock period which is 70 nsec. 

INCADR :=/Q716MHZ * Q358MHZ * Q179MHZ * Q090MHZ * MODE */PWRUP 
+/INCDLY * INC */MODE */PWRUP 

;This bit of logic is used to synchronize the input signal INC with 
;the 14.3 MHZ system clock. Notice that the condition of INCDLY low 
;and INC high realizes a synchronous rising edge detector for the 
; input signal INC (refer to the second product in the logic equation 
;for INCADR) . 

• 

INCDLY := INC 



LOCAL BUS CONTROL MODULE 

;This design specification module generates signals which enable the 
; three-state outputs of the Flash A/D and the static RAMs. The Flash 
; output enable (/FLOE) is derived from the time base generator and is 
/qualified by the unit being in the capture mode. The memory output 
;enable (/RAMOE) is derived from the host computer control bus if 
;the frame buffer is in the read mode. 

/RAMOE =/FBRRD */MODE + MODE 

FLOE :=/Q716MHZ * Q358MHZ * Q179MHZ * Q090MHZ * MODE */PWRUP 
+ Q716MHZ */Q358MHZ * Q179MHZ * Q090MHZ * MODE */PWRUP 

;This design specification was assembled on an PC compatible 
.•computer using the beta release of PALASM2 SOFTWARE. The simulation 
;was done on a VAX using the alpha release of the simulator. Slight 
(•variations in syntax may occur at production release. The 
; FRAME GRABBER design has not been optimized in the hopes of 
;being self explanitory! . . .Alfie Gilbert 
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SIMULATION 



TRACE_ON CLK1 CLK2 CLK3 CLK4 

/PWRUP MODE FLOE WRITE INCADR 
Q716MHZ Q358MHZ Q179MHZ Q090MHZ 
AO Al A2 A3 A4 A5 A6 A7 A8 A9 
A10 All A12 



; CLOCK SIGNALS 
; CONTROL SIGNALS 
;TIME BASE SIGNALS 
; ADDRESS SIGNALS 



SETF OE1 OE2 OE3 OE4 
PS1 PS 2 PS 3 PS 4 
PL1 PL2 PL3 PL4 



; ENABLE OUTPUTS 
;UNASSERT SET 
;UNASSERT PRELOAD 



SETF PWRUP MODE 
CLOCKF CLK1 CLK3 CLK4 



; CLEAR TIME BASE 



SETF /PWRUP 
FOR I:=l TO 17 DO 
BEGIN 

CLOCKF CLK1 CLK3 CLK4 
END 



; EXERCISE TIME BASE 



SETF CLRADR 

CLOCKF CLK1 CLK3 CLK4 



; CLEAR ADDRESS COUNTER 



SETF /CLRADR 
FOR I:=l TO 32 DO 
BEGIN 

CLOCKF CLK1 CLK3 CLK4 
END 



; TOGGLE Al and AO 



SETF AO Al /A2 /A3 /A4 
/A5 /A6 /A7 /A8 /A9 
/A10 /All /A12 /A13 /A14 

FOR I:=l TO 187 DO 



; TOGGLE A2 



BEGIN 
















CLOCKF CLK1 CLK3 CLK4 










IF 


1=17 


THEN 


BEGIN 


SETF 


A2 


END 


; TOGGLE 


A3 


IF 


1=17 


THEN 


BEGIN 


SETF 


A3 


END 


; TOGGLE 


A4 


IF 


1=17 


THEN 


BEGIN 


SETF 


A4 


END 


; TOGGLE 


A5 


IF 


1=17 


THEN 


BEGIN 


SETF 


A5 


END 


; TOGGLE 


A6 


IF 


1=17 


THEN 


BEGIN 


SETF 


A6 


END 


; TOGGLE 


A7 


IF 


1=17 


THEN 


BEGIN 


SETF 


A7 


END 


; TOGGLE 


A8 


IF 


1=17 


THEN 


BEGIN 


SETF 


A8 


END 


; TOGGLE 


A9 


IF 


1=17 


THEN 


BEGIN 


SETF 


A9 


END 


; TOGGLE 


A10 


IF 


1=17 


THEN 


BEGIN 


SETF 


A10 


END 


; TOGGLE 


All 


IF 


1=17 


THEN 


BEGIN 


SETF 


All 


END 


; TOGGLE 


A12 



END 



SETF /A14 /A13 

SETF /A14 A13 

SETF A14 /A13 

SETF A14 A13 



; EXERCISE RAM DECODER 
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Tltl« 
" I t *. • r n 
'a vi si on 

CL*1 

cl*z 

C Lit 3 

CLK.% 

PWRUP 

MODE 

FLOE 

WRITE 

£ 358MhZ 



Co-roany 

Cat* 



a G G:L3£BT 
hmi santi Clara c 
1/15/35 



*1 

A2 
A3 
' 14 
A5 

g 

PALH351.Trf;1 



33 c; c e 
IKMLL-iLML-i 
xXXLLLLLLL 
* XMLLH LHL-* 
KMLLULHLH 
XHMHLLLLLL 
X -friHHHHHHH 
XXXLLLLLLL 
XXXLLLLLLL 
XKXLLLLLLL 
X XXHHHLLHH 
XXXMMHLLLL 
XXXMHHLLLL 
XXXHHHLLLL 
.......... 

XXXXXXXXXX 
XXXXXXXXXX 
XXXXXXXXXX 

xxxxxxxxxx 

XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 
......... 

XXXXXXXXXX 
XXXXXXXXXX 

XXXXXXXXXX 

xxxxxxxxxx 



LHLHLHLHLH 
LLLLLLLLLL 
L"LHLHLhLH 
LHLHLHLHLH 
LLLLLLLLLL 



LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHL"<L-<LML* 
LLLLLLLLLL 



LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LL l-HLLHHLL 
HHHHLLLLHH 
LL LLHmHHHH 
LLLLLLLLLL 
XXXXXXXXXX 
XX XXX XX XXX 

XX xxxxxxxx 

XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 
.......... 

XXXXXXXXXX 
XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
XX xxxxxxxx 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HClLrinLLMf 
HHLLLLHHHH 
HHLLLLLLLL 

LLMHHHHWHM 
XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 

XXXXXXXXXX 
XXXXXXXXXX 

xxxxxxxxxx 



c e c c eg 
LHLhlhlhLl 
LLLLLLLLLL 
LHLHLHLHLL 
LHLhLHLHLL 
LLLLLLLLLL 
nhHHHHHHHH 
LLLLHHHHLL 
LLLLHHLLLL 
LLLLLLHHLL 
LLHHLLHHLL 
LLLLHHHHLL 
HHHhUHHHLL 
HHHHHnrtHLL 
XXXXXXXXXX 
XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 
xxxxxxxxxx 

XXXXXXXXXX 
XXXXXXXXXX 

xxxxxxxxxx 
xxxxxxxxxx 



15-F£6-m5 13:12 



"age : 

CLK1 
CLK2 

ilii 

PWRUP 
MODE 
FLOE 



C5 c c C 
HLLHLHLHLH 
LLLLLLLLLL 
HLLHLHLHLH 
HLLHLHLHLH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
u K 1 I c LLLLLLLLLL 
INCADR LLLLLLLLLL 
C716MHZ LHHHLLHHLL 
CJ58MHZ LLLLHHHHLL 

c179mhz llllllllhh 

■-090mmz llllllllll 

ao xhhhhhhhhh 

a 1 xmhhhhhhhh 

a2 xhhhhhhhhh 

a 3 xhhhhhhhhh 

X HMHHhHHHH 
X HHHHHHHHH 
XHHHHHHHHH 
X HHHHHHHHH 
X HHHHHHHHH 
X MtlHM HHH HH 
X HHHH HHHMH 
XHHHHHHHHH 
XMHHHHHHHH 



LHLHLHLHLH 
LL LLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 

HH HHHHHHHH 

LLLLLLLLLL 
LL LLLLLLL L 
LLLLLLLLLL 
HH LLMHLLHH 
LL HHHH L LL L 
HHHHHHLLLL 
LL LLLLHHHM 
HH HHHhH hhh 
HH HHHHHHHH 
HHHHHHHHHH 



A7 



A10 
A11 

A12 



HH HHHhHHHH 
HH HHHHHHHH 
HH HHHHHHHH 
HH HHHHHHHH 
HHHHHHHHHH 
HH HHHHHHHH 
HHHHHHHHHH 
HH HHHHH HH H 
HH HHHHHHHH 



LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLh 
LHLHLHLHLH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLHH 
LLLLLLLLHH 
LLLLLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
LLLLHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
MHHHMHHMMH 
MHHHHHHHHH 
MHMHHHh HHH 
HHHHHHHHHH 
HHHHHHHHriH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHMHHHMMHH 
HHHHHHHHHH 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

HHLLLLLLLL 

LLLLLLLLLL 

HHLLLLLLLL 

HHLLHHLLHH 

HHLLLLHHHH 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 

HHLLLLLLLL 



Page 2 



PAL64R32 
FRAME GRABBER 
Page - 



C Lit 1 
CLK 2 
CLK 3 
CLK4 
PWRUP 
MODE 

Etth 

INCADR 



c c c c c c c c;c 



LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 



L L LL H HHH LL 
LLLLHHLLLL 
LLLLLLHHLL 



G 71 6 M HZ LLHHLLHHLL 
;353MHZ LLLLHHHHLL 
C179MHZ MHHHnHHH LL 
309 0MHZ HHMHHHHHLL 
AO LLLLLLLLHH 
A1 HHrtHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



A5 



AS 

A9 

A10 

All 

A12 



LHLHLHLHLH 
LL LLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LL LLLLLLLL 



LLLLLLLLLL 
HH LLHHLLHH 
LL HrtHHLLLL 
LL LLLLHnHH 
LL LLLLLLLL 

HHHHHHHHHH 
HH HHHHHHHH 
LL LLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHL*- 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
HHHHLLLLLL 
LLLLHHHHHH 

HHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLHHHH 
LLLLLLHHLL 
LLLLLLLLHH 
HHLLHHLLHH 
HHLLLLHHHH 
LLHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



° ALH95 1 -TRF; 1 

°AL64R 32 
FRAME CRA b 9 £ R 
°age : 6 



15-PEE-m* 13:12 



mi 

PWRUP 
M 3D E 
FLOE 

want 

I NC ADR 
£71 6 M H Z 

mm 

C 09 CM HZ 
AO 



A1C 
All 

A1Z 



c c c c eg 

LHLHL HLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLHHLLHHLL 
LLLLHMHHLL 
LLLLLLlLHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LHLHLHLHLH 
LL LLLLLLLL 
LHLHLHL HLH 
LHLHLHL HL h 
LLLLLLLLLL 

Mf- HHHHHHHt- 

LLLLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
HH LLHHLLHH 
LL HHrtnLLLL 
HHHHHHLLLL 
L L LLL L-> HH H 
LL LLLLLLLL 
LL LLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLHH 
LLLLLLLLH" 
LLLLLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
LLLLHHHHHH 
HHHHHHHHHH 

LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 



HHLLLLLLLL 
LLLLLLLLLL 
HHLLLLLLLL 
HHLLHHLLHH 
HHLLLLhHHH 
HHLLLLLLLL 
HHLLLLLLLL 

L L HHHHHHHH 

LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



° a lh 6 51 .trf; 1 

PAL64R32 
F e AME_ GR A 3 B £R 
»j ge 



15"FE£-19S5 13:12 



C Lit 1 

CLX.2 

C L It 3 

CLK4 

PWRUP 

MODE 

Eb9fe 

INC AO R 



C C £ C C 
LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 
HHHHHHHHHH 



tfcbtbtbt 



LLLLLLLLLL 
;716HHZ LLHHLLHHLL 
C355MHZ LLLLHHHHLL 
3179MHZ HHHHHHHH LL 
C 090M H Z LLLLLLLLHH 
AO LLLLLLLLLL 



Si 

A3 

ii 

A5 

AS 

A7 

AS 

A9 

A10 

A11 

A12 



4 



tttbbttbtt 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LH851.TRF;i 

PAL64R32 
FRAME GRA62ER 
Pege : . 

C Lit 1 
C LK 2 

mi 

PWRUP 
MODE 
FLOE 
WRITE 
I NC AO R 
071 6MHZ 

mm 

C090MHZ 



AO 

55 

• 3 

A A 
A5 



ft 



c c c c c 

LHLHL HLHLH 

LLLLLLLLLL 
LHLHLHLHLH 
LHLHL HLHLH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLHHLLHHLL 
LLLLHHHHLL 
LLLLLLLLHH 
HHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c. 
LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHL HL H 
LL LLLLLLLL 

btbbbbbbbb 

LLLLLLLLLL 
HH LLHHLLHH 
LL HHHHLLLL 
LL LLLLHhHH 
HHHHHHHHHH 
LLLLLLLLLL 

btbtbtbbbt 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LH LHLHL HL H 

LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 
HH HHHHHHHH 
LL HrtHHLLLL 
LL hhLLLLLL 
LL LLHHLLLL 
HH LLHHLLHH 
LL HHHHLLLL 
HH HrtHHLLLL 
HH HHHHLLLL 

HHHHHHLLLL 
LL LLLLHHHH 
LL LLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c^c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

ssrrtttttt 

LLHHLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
HHHHLLLLLL 
HHHHLLLLLL 

LLLLHHHHHH 

bbbbbttbbt 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHMhMHH MHH 

ttbtbttbbt 

LLLLLLLLLL 
HHLLHHLLHH 
HHLLLLHHHH 
LLHhHHHHHH 
LLLLLLLLLL 
HriHHHHMHMH 

bbbbtbbbtb 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



1S-FEflt1«35 13:12 



cqc C C C 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
LLLLHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 

LLLLLLLLLL 

LLLLLLLLLL 

HHLLHHLLHH 
HHLLLLHHHH 
HHLLLLLLLL 
LLHhHHHHHH 
LLLLLLLLLL 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



PALH551.TRF;i 

PAL6AR32 
FRAME.GRAB9ER 
Pa ge 



15-F:3-1935 13:12 



CLK1 

CLK 2 

CLK3 

CLK4 

PWRUP 

MOOE 

FLOE 

•.RITE 

INCADR 



c c;c c c 
LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 
MHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
2716MHZ LLHHLLHHLL 
C358MHZ LLLLHHHHLL 
C179MHZ HHHHHHHH LL 
C 090H HZ LLLLLLLLHH 
AO HHHHHHHHHH 
Al LLLLLLLLLL 
A2 HHHHHMHMhH 
A3 LLLLLLLLLL 
A4 LLLLLLLLLL 
A5 LLLLLLLLLL 
A6 LLLLLLLLLL 
A7 LLLLLLLLLL 
A8 LLLLLLLLLL 

S?o tfcttfettttt 

A11 LLLLLLLLLL 
A12 LLLLLLLLLL 



PALH651.TRF;1 

PAL64R32 
FRAME GRABBER 
Pege : 



c c c c c 

LHLHLHLHL H 
LL LLLLLLLL 
LHLHLHLHLH 
LHLHLHL HL H 
LL LLLLLLLL 
HH HHHr-HHHH 

LL LLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
HHLLHHLLHH 
LL HHHHLLLL 
LL LLLLHHHH 
HH HHHhHHHH 



LL LLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 

HHHHHHHHHH 

HHHHLLLLLL 
HHLLLLLLLL 
LLHHLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
HHHhLLLLLL 
HHHHLLLLLL 
HHHHLLLLLL 

LLLLHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c cgc 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 

LLLLLLLLLL 

LLLLLLLLLL 

HHLLHHLLHH 

HHLLLLHHHH 

LLHHHHHHHH 

LLLLLLLLLL 

LLLLLLLLLL 

HHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



15-*-E3-193S 13:12 



C LK 1 
C LK 2 
C LK 3 
C LK 4 
P WRUP 
MODE 
FLOE 
WRITE 



c c c c c 
LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 



0716MHZ LLHHLLHHLL 



;090MHZ HHHHHHHHHH 



AO 

n 



An 

A12 



LLLLLLLLLL 
HHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 
LHLHLHLHLH 
LL LLLLLLLL 
LHLHLHL HL H 
LH LHLHLHLH 
LL LLLLLLLL 

Hn HHHHHHHH 

LLHHHHLLLL 
LLHHLLLLLL 
LLLLHHLLLL 
HH LLHHLLHH 
LL HHHHLLLL 
HHHHHHLLLL 
HH HHHHLLL L 
LL LLLLHHHH 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 

LLLLLLLLLL 

LLLLLLLLLL 

LLHHLLHHLL 

HHHHLLLLHH 

LLLLHHHHHH 

LLLLLLLLLL 

HHHHHHHHHH 



tttttftttt tttttttt 

LLLLLLLLLL LLLLLLLL 
LLLLLLLLLL LLLLLLLL 



HH HHHhHHHH 
LL LLLLLLLL 
LL LLLLLLLL 
LL LLLLLLLL 
LL LLLLLl L L 
LLLLLLLLLL 
LL LLLLLLL L 

LLLLLLLLLL 
LL LL L 
LLLLl 



cgc c c e 

LHLHL HLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 

LLLLLLLLLL 

LLLLLLLLLL 

HHLLHHL LHH 

HHLLLLHHHH 

HHLLLLLLLL 

LLHHHHHHHH 

HHHHHHHHHH 

HHHHHHHHHH 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLL LLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



3-69 



CLM 

CLK2 

CLK. 3 

C LKU 

PWSUP 

MODE 

FLOS 

*rite 

INCADR 
£71 6MHZ 



5? 

A8 

A9 

A10 

A11 

A12 



c c c c c 

LHLHLHLHLH 

LLLLL L1.LLL 

LHLHLHLHLH 

LHLHLHlHLM 

LLLLLLLLLL 



LLLLhHHHLL 
LLLLHHLLLL 
LLLLLLHHLL 
LLHHLLHHLL 
LLLLHHHHLL 
MHHMMHMHLL 
HHHHhHHHLL 
HHHHHHHHLL 
HHMHHHMHLL 
HHHHH HHH L L 
LLLLLLLLHH 
LLLLL LLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c c 

LHLHLt-LHLh 

LLLLLLLLLL 

Lh LMLHL HLr 

LHLHLHLHLH 
LL LLLLL LL L 

LLLLLLLLLL 
L L LLLLLLLL 
LLLLLLLLLL 
HH LLHHLLHH 
LL hHHHLLLL 
LLLLLLHHHH 
LL LLLLLLL L 
LL LLLLLLL L 
L L LLLLLLLL 
LLLLLLLLLL 
HH HHHHHHHH 
LLLLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c gc c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHm"h"HH 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLHHLLHHLL 
HHHHLLLLH" 
HHHHLLLLLL 
LLLL HHHHHM 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



C C C c c 

LHLHLHLHLf 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLHHHH 
LLLLLLHHLL 
LLLLLLLLHH 
MHLLHhLLHH 
HHLLLLHHHH 
L L HhHHHHHH 



c c c c c c eg 



LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



EtSI 

PWRU? 
MODE 
FLO: 
«i RITE 
INCADR 



LHLHLHLHLH 
LLLLLLLLLL 
LHLHLHLHLH 
LriLHL HLHLH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



LHLHLHL HL i 
LL LlLlLLLL 

LHLHLHLHLH 

LHLHLHLHLH 
LL LLLLLLLL 



c c c c c 

L-fL^HLr- 

LLLLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LLLLLLLLLL 



LLL 
LLL 
LLL 



C716MH2 LLHHLLHMLL 



MHZ HHHHHHHHLL 
iO?0MH2 LLLLLLLLHH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



AO 



A3 



A7 

1!? 

A12 



LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
MHLLHHLLHH 
LLhrtHHLLLL 
LLLLLLHHHH 
Mf hHHHHHHH 
LLLLLLLLLL 

HH HHHHHHHH 

LLLLLLLLLL 
HH hHHHHHHH 
LL LLLLLLLL 
LLLLLLLLLL 
LL LLLLLLLL 
LwLLLLLLLL 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



HHHHLLLLLL 
HH LLLLLLLL 
LLMHLLLLLL 
LLHHLLHHLL 
HHHHLLLLHH 
HHHHLLLLLL 
HHHHLLLLLL 
LLLLHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



c c c c ; 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 

LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
MhLL HHL LHH 
HHLLLLHHHH 
L L HHHHHHHH 
LLLLLLLLLL 
HHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
HHHHHhHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



PALH35 1 .TRF; 1 



10 



15~F£ = -m5 13:12 



Psgi 10 



c c c c c 

lhlhlhlhlh 
llllllllll 
lhlml hlhlh 
lhlhlhlhlh 
llllllllll 
hhhhhhhhhh 
llllllllll 
llllllllll 
llllllllll 
c?i6mh: llhmllhhll 

C358MHZ LLLL HHmHLL 

ai79Htl2 LLLLLLLLHH 

3090KHZ LLLLLLLLLL 

AO HHHHHHHHHH 

tfctttttttt 

HHHHHHHHHH 

LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 



CLIU 

PWRUP 

MODE 

FLOE 

WRITE 

INCAOR 



22 

A3 



C C C Z C£ 
LHLHLHLHLH 

LL LLLLLLLL 
LHLHLHLHLH 
LHLHLHLHLH 
LL LLLLLLLL 
HHHHHhHHHH 
LL LLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
MHLLHhLLHH 
LL HHHHLLLL 
MHMHHHLLLL 
LL LLLLHHMH 

Hh HHMHHMHH 

ttttt" 1 



c c c c c 

LHLHLHLHLH 

LLLLLLLLLL 

LHLHLHLHLH 

LHLHLHLHLH 
LLLLLLLLLL 

HHHHHHHHHH 

LLLLLLLLHH 
LLLLLLLLHH 
LLLLLLLLLL 
LL HrtLL HHLL 
HHHHLLLLHH 

LLLL HHHHHH 
HHHHHHHHHH 
HHHHMMHHriH 

ttttfcttttt 
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FOOD FOR THOUGHT 

The FRAME GRABBER which we just synthesized in our design 
exersise is actually half of a video Frame Buffer unit. 
Video frame buffers have become quite popular in recent 
years. The key si ements of a video frame buffer are 
illustrated in FIGURE SIX. The concept behind a frame 
buffer is sim^e . A frame buffer stores the incoming 
video information in a RAM array for future use, and the 
digitized image has been stored in a memory array, it is 
often processed by digital signal processing techniques. 
These techniques may be hardware or software based. Digital 
signal processing implemented in hardware tend to be very 
fast (even real time) , but expensive, while software signal 
processing algorithms are slower, but more cost effective 
in most applications. The most basic type of digital signal 
processing usually performed on video is image enhancement. 
Video signals which have been corrupted by noise are likely 
candidates for image enhancement. In many types of 
applications image enhancement is often followed by a more 
complex type of signal processing, known as pattern 
recognition. This type of signal processing is usually 
a software algorithm which does not execute in real time 
and for that reason digital image frames must be buffered 
in memory. 



SYSTEM DATA BUS 



VIDEO DATA BUS 



VIDEO IN, 



A/D 
—f ' 



RAM ARRAY 



D/A 



ADDRESS AND CONTROL LOGIC 



r IME BASE 



VIDEO OUT 



FIGURE SIX 



The popularity of Video Frame Buffers has been both 
application and technology driven. The ever decreasing 
cost-per-bit of RAM has made the system designer the 
size of memory arrays required to store video images 
of acceptable resolution and gray scale content affordable 
ASIC technology such as the megaPAL device which 
we just investigated, has streamlined the address, 
control, and timebase logic of video frame buffers as 
well. These technological advances have made many 
applications economically feasible. In the industrial 
sector these applications include robot control, collision 
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avoidance, quality control, quality assurance, incoming 
inspection, surveillance/security systems, and a host 
of others. If you are starting to get excited about the 
prospect of innovating something on your own, you are 
probably pondering what the future will be like. I think 
we will see vision applications abound in personal computer 
environments. The combination of an optical imager coupled 
to a personal computer is the silicon parity of a very 
familiar organic computer, namely, our eyes and brain. It is 
only a matter of time until personal computers can read and 
recognize for us. So my advice to designers is simple : 
Imagineer before you Engineer! When you get to the point 
of implementing your ideas, think about PAL devices, they 
are remarkable axels for the wheels of your mind. I hope 
you enjoyed reading this design exercise as much as I 
enjoyed creating it. 

. . . Alf ie Gilbert 

Please feel free to send 
comments or sugestions to 

A. G. Gilbert 
MMI 09-26 

2175 Mission College Blvd. 
Santa Clara, Ca. 95054-1592 
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NOTES 

! SPECIFICATIONS APPLY TO STUDIO FACILITIES COMMON CARRIER. STUDIO 
TO TRANSMITTER AND TRANSMITTER CHARACTERISTICS ARE NOT INCLUDED 

2. ALL TOLERANCES AND LIMITS SHOWN IN THIS DRAWING PERMISSIBLE ONLY 
FOR LONG TIME VARIATIONS. 

3. THE BURST FREQUENCY SHALL BE 3.579545 MHz 110 Hz. 

4 THE HORIZONTAL SCANNING FREOUENCY SHALL BE 2/455 TIMES THE BURST 
FREQUENCY |ONE SCAN PERIOD (H) + 63.556 »jSEC] 

5. THE VERTICAL SCANNING FREQUENCY SHALL BE 2/525 TIMES THE 

HORIZONTAL SCANNING FREQUENCY [ONE SCAN PERIOD (V) ■ 16.683 jiSEC] 

6 START OF COLOR FIELDS I AND III IS DEFINED BY A WHOLE LINE BETWEEN THE 
FIRST EQUALIZING PULSE AND THE PRECEDING H SYNC PULSE START OF 
COLOR FIELDS II AND IV IS DEFINED BY A HALF LINE BETWEEN THE FIRST 
EQUALIZING PULSE AND THE PRECEDING H SYNC PULSE. COLOR FIELD I 
THAT FIELD WITH POSITIVE GOING ZERO-CROSSINGS OF REFERENCE 
SUBCARRIER MOST NEARLY COINCIDENT WITH THE 50% AMPLITUDE POINT OF 
THE LEADING EDGES OF EVEN NUMBERED HORIZONTAL SYNC PULSES 
REFERENCE SUBCARRIER IS A CONTINUOUS SIGNAL WITH THE SAME 
INSTANTANEOUS PHASE AS BURST. 

7. THE ZERO-CROSSINGS OF REFERENCE SUBCARRIER SHALL BE NOMINALLY 
COINCIDENT WITH THE 50% POINT OF THE LEADING EDGES OF ALL 
HORIZONTAL SYNC PULSES. FOR THOSE CASES WHERE THE RELATIONSHIP 
BETWEEN SYNC AND SUBCARRIER IS CRITICAL FOR PROGRAM INTEGRATION. 
THE TOLERANCE ON THIS COINCIDENCE IS ±40" OF REFERENCE SUBCARRIER 

B ALL RISE TIMES AND FALL TIMES UNLESS OTHERWISE SPECIFIED ARE TO BE 
14 ,iSEC -0.02 uSEC MEASURED FROM 10% TO 90% AMPLITUDE POINTS. ALL 
PULSE WIDTHS ARE MEASURED AT 50% AMPLITUDE POINTS. UNLESS 
OTHERWISE SPECIFIED 

9 TOLERANCE ON SYNC LEVEL. REFERENCE BLACK LEVEL (SET-UP) AND PEAK 

TO PEAK BURST AMPLITUDE SHALL 6E ±2 IRE UNITS 
10 THE INTERVAL BEGINNING WITH LINE 17 AND EXTENDING THROUGH LINE 20 

OF EACH FIELD MAY BE USED FOR TEST. CUE AND CONTROL SIGNALS 
1 1 . EXTRANEOUS SYNCHRONOUS SIGNALS DURING BLANKING INTERVALS. 
INCLUDING RESIDUAL SUBCARRIER. SHALL NOT EXCEED 1 IRE UNIT 
EXTRANEOUS N ON- SYNCHRONOUS SIGNALS DURING BLANKING INTERVALS 
SHALL NOT EXCEED 5 IRE UNIT. ALL SPECIAL PURPOSE SIGNALS <VITS. VIR. 
ETC ) WHEN ADDED TO THE VERTICAL BLANKING INTERVAL ARE EXCEPTED 
OVERSHOOT ON ALL PULSES DURING SYNC AND BLANKING. VERTICAL AND 
HORIZONTAL. SHALL NOT EXCEED 2 IRE UNITS 

12 BURST ENVELOPE RISE TIME IS 0.3 H SEC *0.2 „SEC -0 1 ,iSEC MEASURED 
BETWEEN THE 10% AND 90% AMPLITUDE POINTS BURST IS NOT PRESENT 
DURING THE NINE LINE VERTICAL INTERVAL. 

13 THE START OF BURST IS DEFINED BY THE ZERO-CROSSING (POSITIVE OR 
NEGATIVE SLOPE) THAT PRECEDES THE FIRST HALF CYCLE OF SUBCARRIER 
THAT IS 50% OR GREATER OF THE BURST AMPLITUDE ITS POSITION IS 
NOMINALLY 19 CYCLES OF SUBCARRIER FROM THE 50% AMPLITUDE POINT OF 
LEADING EDGE OF SYNC (SEE DETAIL ZZ). 

14 THE END OF BURST IS DEFINED BY THE ZERO-CROSSING (POSITIVE OR 
NEGATIVE SLOPE] THAT FOLLOWS THE LAST HALF CYCLE OF SUBCARRIER 
THAT IS 50% OR GREATER OF THE BURST AMPLITUDE. 

15 MONOCHROME SIGNALS SHALL BE IN ACCORDANCE WITH THIS DRAWING 
EXCEPT THAT BURST IS OMITTED, AND FIELDS III AND IV ARE IDENTICAL TO 
FIELOS I AND II RESPECTIVELY. 

16. OCCASIONALLY. MEASUREMENT OF PICTURE BLANKING AT 20 IRE UNITS IS 
NOT POSSIBLE BECAUSE OF SCENE CONTENT AS VERIFIED ON A PICTURE 
MONITOR. 



COLOR TELEVISION STU0K) 
PICTURE LINE AMPLIFIER OUTPUT 

RS 170 A 
El A TENTATIVE STANDARD 



I 



u 



(* Date: 3/7/85 



*) 



Type 

L = Array [0..239] of Integer; 
Fash = Array [0..3] of Integer; 

VAR 

X1,X2,Y1,Y2, 
X Y W 

AB,C,H,I,J,K,M,N,P,Num, 

Hsync , NO , 

remain, 

P1,P2, 

Byte, 

color : INTEGER; 

Ch : Char; 

Line : L; 

Q : Fash ; 

even, odd : Boolean; 



(* Define Fash as a 4 *) 
(* flash encodings *) 



Procedure Check; 
Begin 

Writeln ( ' Do you want to display a 
Write ( 1 Continue D/S ' ) ; 
Repeat 

Read (kbd, ch) 
Until (ch='D') OR (ch='S') OR (ch='d') OR (ch='s') 
End; 



(* Check to start the program *) 
picture or snap one? ' ) ; 



(* If 's' capture a new frame *) 

(* before begining *) 

(* If 'd' display last frame *) 

(* Upper & Lower characters *) 



(* are both accepted 



') 



Procedure Binary (X: Integer ; Var Q:Fash) 
Var 

PI , PJ : Integer ; 

A : Array [0.. 7] of Integer; 

Flash : Integer; 

Begin 
PJ :=0; 

For PI := 7 Downto Do 
Begin 

A [PI] := X Mod 2; 

X := X Div 2; 
End; 



(* Convert each value read *) 
(* into an 8 bit binary *) 
(* equivalent *) 



For Flash := to 3 Do 
Begin 

PI := Flash; 

If (A[PJ]=0) AND (A[PJ+1]=0) Then Q[PI]:=0; 

If (A[PJ]=0) AND (A[PJ+1]=1) Then Q[PI]:=1; 

If (A[PJ]=1) AND (A[PJ+1]=0) Then Q[PI] :=2 ; 

If (A[PJ]=1) AND (A[PJ+1]=1) Then Q[PI]:=3; 
PJ : = PJ+2 ; 

End; (* Unpack each byte by *) 
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End; 



Begin 
Check ; 
GraphMode ; 
Palette (1) ; 
color := 1; 
C := 0; 
I := 0; 
J := 1; 
N := 0; 
Hsync := 0; 
NO :=0; 
AB := 0; 

If (ch='S') OR (ch='s') Then 
Begin 

Port [272] := 4; 
Port [272] := 6; 
For I := 1 To 11000 Do 
AB := AB+1; 

End; 



(* converting the 8-bit *) 
(* value into 4 flash values*) 



(* Run the check procedure 
(* Graphics mode 



*) 
*) 



(* Use black color graphics *) 
(* Set counter to zero *) 
(* Set all initial condition*) 



(* 
(* 
(* 
(* 
(* 
(* 
(* 



If snapping a new picture *) 
delay about 1/30 sec *) 
to be able to capture the *) 
video frame after reseting*) 



the address counter and 
setting the mode bit for 
"CAPTURE" mode 



Port[272] := 4; 



(* Reset address counter 



*) 
*) 
*) 

*) 



While (C<>20) AND (N0O22000) Do 
Begin 

Port [272] := 2; 

Port[272] := 3; 

X := Port[256] ; 

NO := NO+1; 

If X=0 Then C := C+l 

Else C := 0; 
End; 



(* Reset the mode bit for *) 
(* "READ" mode and increment *) 
(* the address counter *) 



If (NO=20000) AND (CO20) Then 

Write('You need to adjust your light!!'); 



For I := 1 To 2000 Do 
Begin 

Port [272] := 2; 
Port [272] := 3; 

X := Port[256] ; 
End; 

For Y := To 199 Do 
Begin 
P :=0; 
Hsync := 0; 
W := 255; 

XI := 0; 
H := 0; 

Even := False; 
Odd := False; 
remain := Y Mod 2; 



(* Disgard the 1st 2000 bytes*) 
(* read from the port *) 



(* Start the main program *) 

(* Display 200 lines of *) 

(* horizontal flashes *) 

(* Set the initial flashes *) 

(* to all '11' *) 
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Case remain Of 

0: Even := True; 

1: Odd := True; 
End; 

While Hoi Do 
Begin 

Port [272] := 2; 
Port [272] := 3; 
X := Port [256] ; 
If X=0 Then 
Begin 

Binary (W,Q) ; 
For I := To 3 Do 
Line [I] := Q[I] ; 

Binary (W,Q) ; 

For I := To 3 Do 

Line[I+4] := Q[I] ; 
H := 1; 
End 

Else 
W := X; 

End; 



(* Look for horizontal sync *) 



(* 
(* 
(* 
(* 
(* 
(* 
(* 



Look for the 1st byte of 
all O's. X is new value 
read from the port and W 
is te previous value. If 
X=0 then assign W as the 
first byte of the line 
and X as the second byte 



*) 
*) 
*) 
*) 
*) 
*) 
*) 



(* Else assign X to previous *) 
(* value W *) 



K := 7; 

For I := 1 To 55 Do 
Begin 

Port[272] := 2; 
Port [272] := 3; 
X := Port[256] ; 
Binary (X,Q) ; 
For J := To 3 Do 
Begin 

K := K+l; 
Line[K] := Q[J] ; 
End; 

End; 



(* At this point the first *) 
(* two bytes of horizontal *) 
(* line are stored. Read the *) 
(* next 55 bytes *) 



While Hsync<>12 Do 
Begin 

If Line[P]=o Then 

Hsync := Hsync+1 
Else 

Hsync := 0; 
P := P+l; 
End; 

PI := P+29; 
P2 := Pl+160; 



(* Look for the first *) 
(* horizontal sync. Count 12 *) 
(* bytes of zeros *) 



(* Disgard the next 29 bytes *) 
(* Display the next 160 bytes*) 
(* of data *) 



For I := PI To P2 Do 
Begin 

Yl := Y; 



(* Display the flashes on *) 
(* line Y *) 
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Y2 := Y; 
X2 := Xl+2; 
If Line[I]=2 Then 



Begin 



If even Then 



(* Place -X for even lines 



Plot( (Xl+1) ,Y1, color) 
Else 

Plot(Xl, Yl, color) ; (* Place X- for odd lines 

End; 

If Line[I]=3 Then Draw(Xl,Yl, X2,Y2, color) ; 
XI := Xl+2; 



End; 

End; 
gotoxy (1, 25) ; 

Write ('Press ESC to stop.'); 
Read(Kbd, Ch) ; 
If Ch=#27 Then 
TextMode ; 
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1.1 The Language of Logic 

Although you may not be aware of it, you are already an expert at 
forming, simplifying and comprehending Boolean equations 
and expressions. Boolean algebra, in its most common applica- 
tion, is concerned with the truth or falsity of statements; and any 
time you describe what circumstances would make something 
true or false, you have made a Boolean equation. 

For example, suppose A is true only if B and C are true. These 
three letters may represent anything you like — A may be 
whether or not you may become president, B may be whether or 
not you are elected, and C may be whether or not you are a 
citizen of the U.S.A. You may become president only if you are 
elected and you are a citizen of the United States. If we wrote that 
statement in equation form, it might look like this: 

A= B*C 

where the * is a shorthand notation for the word 'and.' A, B and C 
are all Boolean variables, since they represent some value which 
may be either true or false. You either are a citizen of the United 
States, or you are not — there is no in between. Examining the 
relationship between these three variables, we find that: 

1 ) if you are elected and you are citizen then you may become 
president; 

2) if you are elected but you are not a citizen then you cannot 
become president; 

3) if you are not elected, but you are a citizen, you still can't 
become president, and; 

4) if you are neither elected nor a citizen, then you definately 
cannot become president. 

This same relationship, which may be expressed in terms of an 
English sentence of a Boolean expression may also be repres- 
ented by a table of all the possibilities, called a truth table. If we 
let '1' stand for true, and '0' stand for false, we can make the 
following table: 



B 


c 


A 














1 





1 







1 


1 





Table 1-1 



The table above is a standard way of expressing logical relation- 
ships. Our truth table lists the possibilities one-by-one. If B and 
C are false, then A will be false. If B is true and C is false, then A 
will still be false. If B is false, and C is true then A will still be false. 
However, if B and C are both true, then A will be true. 

1.2 AND, OR and NOT 

The fact is that every time you have an equation of the form: 
A= B*C 

you will have a truth table of the form in section 1 .2 because the 
table and the word 'and' are just two ways of expressing the 
same relationship between two Boolean variables. 



true. This equation could be written: 
A= B+C 

Do not confuse the '+' with the addition sign of arithmetic; in 
Boolean algebra, it is shorthand notation for the word 'or'. A truth 
table for this equation would be: 



B 


c 


A 














1 


1 


1 





1 


1 


1 


1 



This table expresses a different relationship between the varia- 
bles than AND does; AND requires that both of its operands be 
true for the expression to be true. OR only requires that one of its 
operands be true for the expression to be true. From the table 
above, we can see that: 

1) if both B and C are false, then A is false: 

2) if B is false, and C is true, then A is true: 

3) if B is true and C is false, then A is true and: 

4) if both B and C are true, then A is true. 

Finally, let's look at the operator 'not'. If A equals not B, then the 
value of A is the inverse of B. This equation would be: 

A = IB 

Again, the V should not be mistaken for the division sign of 
arithmetic. It is a shorthand notation for the Boolean operator, 
not'. The truth table for this equation would be: 



B 


A 





1 


1 






which is to say that: 

1 ) if B is false, then A is true and: 

2) if B is true then A is false. 

1.3 Precedence 

In arithmetic, the multiplication sign is always evaluated before 
the addition sign. For example: 

3+4x7 

is 31, not 49. Similarly, the AND sign is always evaluated before 
the OR sign. Another way to say this is that AND has a higher 
precedence than OR. 

Of course, in arithmetic, the precedence of operators may be 
changed with parentheses. If you wish the expression: 

3+4x7 

to be evaluated as 49, then you should write it as: 
(3+4)x7 

The parentheses enclose a subexpression that should be evalu- 
ated before the expression as a whole can be evaluated. 

Of the three Boolean operators we have seen so far, NOT has the 
highest precedence, then AND, then OR. 
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1.4 Associativity and Commutativity 

Both the AND and OR operators have the property of associativ- 
ity (in fact, all Boolean operators have this property, except for 
NOT). The property of associativity says that in an expression 
with more than one operator of the same kind, it does not matter 
which you evaluate first. In terms of equations, this would be: 

B*(C*D) = (B*C)*D 

or 

B+(C+D) = (B+C)+D 

All Boolean operators (except for NOT) are also commutative. 
This means that the order in which the operands appear is not 
important. In equations, that would be 

B*C 5 C*B 

or 

B+C = C+B 

1.5 Postulates and Theorems 

In 1854, the mathematician and philosopher George Boole pub- 
lished his book, 'An Investigation of The Laws of Thought', in 
which he demonstrated how classical logic could be defined with 
algebraic terminology and operations. Then, in 1938, C. E. 
Shannon published his paper "A Symbolic Analysis of Relay and 
Switching Circuits", which demonstrated a Boolean algebra of 
two values called "switching algebra", which could be used to 
represent the properties of bistable electric switching circuits. A 
minimal set of formal postulates is needed in order to define this 
Boolean algebra. Here we will define Boolean algebra to be an 
algebra defined over the set B, where B = (False, True) and over 
the operators AND (*), OR (+) and NOT (/), such that: 

1) All operators are closed (which means that it is impossible to 
create a Boolean expression that has a value other than True 
or False), 

2) Postulates 1 through 4 in Table 1-6 are true, and 

3) NOT is an operator which, when applied to a Boolean varia- 
ble, x, creates its complement such that, if x = True then 
/x = False, and if x = False then /x = True. 

Given this basic set of rules, it is possible to derive any of the 
theorems in Table 1-6, For example: 

Theorem 1a) x+x = x 



x+x = (x+x) = True 
= (x+x)(x+/x) 
= x+(x*/x) 
= x+False 

= x 



by Postulate 1b 
by Postulate 2a 
by Postulate 4b 
by Postulate 2b 
by Postulate 1a 



1.5.1 Duality 

One of the most important properties of Boolean algebra is the 
duality principle. Th is principle states that any algebraic expres- 
sion that may be deduced from the postulates of Boolean alge- 
bra has a dual which is also true. The dual of an expression is 
obtained by replacing all Trues with Falses, all Falses with Trues, 
all ANDs with ORs, and all ORs with ANDs. For example: 

Theorem 2a x+True = True 

has the dual: 

x'False = False 



which is also theorem 2b. All postulates and theorems listed in 
Table 1-6 are listed as pairs of duals. Of course, any of these 
theorems could also be derived without using the duality prin- 
ciple. For example: 

Theorem 2b x*False * False 

x*False = False+(x+False) by Postulate 1a 

= (x7x)+(x+False) by Postulate 2b 

= x* (/x+False) by Postulate 4a 

= x7x by Postulate 1a 

= False by Postulate 2b 

1.5.2 Using Truth Tables 

Finally, theorems may be demonstrated with truth tables. A 
theorem always holds true if it holds true for all cases; and since 
two variables can only have two values each, there are only four 
possible cases, so it is reasonable to look at a theorem on a case- 
by-case basis. For example, we can prove Theorem 5a with the 
following truth table: 



X 


y 


/(x+y) 


(/xVy) 


F 


F 


T 


T 


F 


T 


F 


F 


T 


F 


F 


F 


T 


T 


F 


F 



Table 1-7 

It can be seen from Table 1 -7 that, in every case, /(x+y) is equal to 
(/xVy). 

1.5.3 Complement of a Boolean Function 

A Boolean expression is some mixture of Boolean variables and 
operators that has a value. For example: 

x+y*z7a 

is a Boolean expression. A Boolean function is a statement in 
which two expressions are equated. For example: 

a = b*c 
/(c*d) = /c+/d 

are Boolean functions. (The difference is the presence of an 
equal sign. It is worth noting that equals, or equivalence is also a 
Boolean function because two expressions are either equal or 
they aren't. However, in this book we will attempt to present only 
true equations, so the Boolean values of an equals sign may be 
ignored in functions.) 

So far, we have talked about a Boolean expression's value as 
True or False. More frequently, these values are written as 1 and 
0, with 1 standing for True, and standing for False. From now 
on, we will also adopt this standard. 

The complement of an expression may be written easily by 
placing the NOT operator in front of the enclosed expression: 

/(x+y*z7a) 

but it is also possible to complement a function. The comple- 
ment of a function is obtained by complementing both sides of 
an equation. For example, given the equation: 

/a = b*c+1 
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the complement would be: 

/•(/a) = /(b'c+1) 



by Theorem 3 
by Theorem 5a 
def. of complement 
by Theorem 2b 



which could be simplified: 

a = /(b*c+1) 
a = /(b*c)71 
a = /(b'c)'O 
a = 

Note the differences between obtaining the complement of a 
function, and obtaining the dual of a function. The complement 
is obtained by complementing the entire expression on both 
sides of the equation, and manipulating it from there with the 
given postulates and theorems. The dual of a function is 
obtained by replacing al I Vs with O's, al I O's with 1 's, al I AN Ds with 
ORs, and all ORs with ANDs. 



In fact, the easiest way in which to obtain the complement of a 
function is by taking the dual of the function and complementing 
each individual variable (called a literal). For example, the com- 
plement of: 

F = (x+/y)*[w*(x+z)] 

can be found by 

1) taking the dual: 

Dual: F = (x7y)+[w+(x*z)] and, 

2) complementing each literal: 
Complementing: /F = (/x"y)+[/w+(/x7z)] 

1.6 Algebraic Simplification 

Aliteral is a complemented (/x) or uncomplemented (x) variable. 
A term is a subexpression, often enclosed in parentheses. The 
equation: 

F = (x+/y)7x 

has three literals and two terms. Simplifying a Boolean equation 
is an attempt to minimize the number of literals or the number of 
terms in an equation. Unfortunately, in many situations, one can 
only be minimized at the expense of the other, so it is important 
to decide from the outset whether you are minimizing literals or 
terms. Literals can be minimized by repeated applications of the 
postulates and theorems of Boolean algebra (Table 1-6), but 
there is no algorithm; it is a trial and error process. For example, 
the equation: 

F = (x7z) + [(x+y)7z] 

may be simplified through the following steps: 

F = (x7z)+[(x+Y)7z] 

= (/z'x)+[/z - (x+Y)] Postulate 3b 

= /z"[x+(x+y)] Postulate 4a 

= /z*[(x+x)+y] Theorem 4a 

= /z*(x+y) Theorem 1a 

The equation is now simplified because there are no postulates 
or theorems, which, when applied, will serve to further reduce 
the number of literals. 



1.6.1 Sum of Products and Product of Sums 

When an equation is in the form: 

F = (a*b)+(c7a)+e 



for example, it is said to be in sum of products form. This is 
because the equation is composed of a number of product terms 
(ANDs) that are summed (ORed) together. The subexpression 
result of two operands ANDed together is referred to as a pro- 
duct because of the resemblance of the AND operator to the 
multiplication operator of arithmetic; the result of OR is referred 
to as a sum because of the resemblance of the OR operator to 
the addition operator of arithmetic. 
When an equation is in the form: 

F = (a+b)*(a+/b) 

for example, it is said to be in product of sums form, because it is 
composed of a number of sum terms (OR) that are ANDed 
together. Both sum of products and product of sums forms are 
called standard form. 



1.6.2 Canonical Forms 

If an equation has three variables that are complemented or 
uncomplemented, then there are a limited number of ways in 
which these variables can be ANDed or ORed together. Refer- 
ring to Table 1-9, under the column 'Minterms', and the subco- 
lumn 'Terms', there are seven different ways in which three 
variables could be ANDed together. Each combination has 
been given a name — the letter 'm' and a number. For example, 
the expression: 

(/x'y'z) is m 3 , 

while the expression: 

(x*y7z) is my. 

Using these shorthand notations for expressions, we can referto 
the equation: 

F = (/X*y7z)+(x7y7z)+(x7y'z) 
as: 

F - rr^+iT^+mg 

which is much more compact. When an equation is expressed in 
terms of these named AND subexpressions, or minterms it is 
said to be in sum of minterms form. 

Similarly, there are seven ways in which three variables may be 
ORed together, each variable being primed or unprimed. A 
named OR subexpression is called a maxterm. The equation: 

F = (x+y+z)"(x+/y+/z)*(/x+/y+/z) 

could also be written as: 

F = mQ*m3*my 

since each OR subexpression has been given a name consisting 
of an 'M' and a number. (See the column 'Maxterms' in Table 
1-9.) An equation expressed in this way is said to be written in 
product of maxterms form. Both sum of minterms and product 
of maxterms forms are called canonical forms. 



In many equations, not every variable is represented in every 
term, but it is still possible to write them in canonical form. A little 
algebraic manipulation will produce the missing terms that are 
needed. For example, the equation: 

F = (x'y*z)+(/x*y) 
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is missing a 'z' in its second term. In order to write this equation in 
sum of minterms form, we must first take the following steps: 

F - (x*y"z)+(/x*y*1 ) Postulate 1 b 

= (x*y*z)+[/x*y*(z+/z)] Postulate 2a 

= (x*y*z)+(/x*y*z)+(/x*y 7z) Postulate 4a 
= my+m3+m2 

To create a missing variable in a maxterm, use the duals of the 
postulates used above. To create more than one missing varia- 
ble, expand the equation as many times as is needed by follow- 
ing the steps above. 

1.6.3 Conversion Between Canonical Forms 

Canonical forms do not only exist because they are more 
compact; using canonical forms, it is possible to write any equa- 
tion expressed in sum of products in terms of product of sums. 

Given the equation: 

F= (/a*b7c)+(a*/b*c)+(a*b*c) 
= m2+m5+my 

we can take its complement by forming an equation from all the 
minterms that are NOT present in the equation: 

/F = mn+mi+m3+m4+m6 

= (/a*/b'/c)+(/a*/b*c)+(/a*b*c)+(aVb*/c)+(a*b*/c) 

Finally, using the dual/complement method, we can take the 
complement again. Of course, by Theorem 3 (Table 1-9), any- 
thing that is complemented twice returns to its original value: 

F = (a+b+c)*(a+b+/c)*(a+/b+/c)*(/a+b+c)*(/a+b+/c) 

We have now expressed function F, originally in sum of pro- 
ducts, in product of sums form. Any Boolean equation can be 
written in either form. 

An even quicker way of doing this conversion is to write a 
product of maxterms equations using the maxterm numbers 
which did not appear in the original equation. For example, in 
our equation F, written in sum of minterms form, we used the 
numbers 2, 5 and 7. In our product of maxterms form, we would 
use the maxterms 0, 1 , 3, 4 and 6. 

F = mo+mi+m3+m4+m5 
= (a+b+c)*(a+b+/c)*(a+/b+/c)*(/a+b+c)*(/a+/b+c) 

This works because each maxterm is the dual of the minterm 
that has the same number. 

Of course, any equation written in the canonical forms can likely 
be simplified: so after converting from standard form to canoni- 
cal form, then converting from one canonical form to another, 
you may wish to simplify your equation. 



a. AND 

F = x'y 

c. NAND 

F = /(x*y) 



Postulate 1 




(a) x+False = x 

(b) x' True - x 


Postulate 2 


(a) xvx = True 

(b) x'/x = False 


Postulate 3 


(a) x+y = y+x 

(b) x'y a yx 


Postulate 4 


(a) x'(y+z) = (x'y)+(x - z) 

(b) x+(v'z) - (x+v)'(x+z) 


Theorem 1 


(a) x+x = x 

(b) x x - x 


Theorem 2 


(a) x+True = True 

(b) x" False = False 


Theorem 3 


/(X) = X 


Theorem 4 


(a) x+(y+z) = (x+y)+z 

(b) x'(y*z) = (x'y)'z 


Theorem 5 


(a) /(x+y) = /x7y 

(b) /(x'y) = /x+/y 


Theorem 6 


(a) x+(x'y) = x 

(b) x*(x+y) = x 



Table 1-6. Postulates and Theorems of Boolean Algebra 



X 


Y 


F1 


F2 


F3 


F4 


F5 


F6 


F7 


F8 


F9 


F10 


F11 


F12 


F13 


F14 


F15 


F16 
































1 


1 


1 


1 


1 


1 


1 


1 





1 














1 


1 


1 


1 














1 


1 


1 


1 


I 











1 


1 








1 


1 








1 


1 








1 


1 


1 


1 





1 





1 





1 





1 





1 





1 





1 





1 








* 




X 




Y 


:+: 


+ 






/Y 




/X 









Table 1-7. Boolean Operators 



y 

b. OR 



F - x+y 
y=L>' 

d. NOR 

F = /(x+y) 



t. BUFFER g. NOT (INVERTER) 

F - X F = /X 

h. XOR 

F = (x-y)+(x*y) 

Table 1-10. Logic Gates 
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2.0 Binary Systems 

Binary numbers utilize a base 2 number system that can only be 
in one of two logical states: a "0" or a "1". This number system is 
used in current digital computer systems because the outputs of 
most switching circuits can only be in one of the two logical 
states. Also, when transistor circuits are operating in one of two 
modes only, greater reliability can be obtained. 



2.1 Base Conversion 

Normally, decimal (base 10) numbers are written using a posi- 
tional notation. In other words, the value of the number is deter- 
mined by multiplying each digit to an appropriate power of 10 
which is dependent on its relative position to the decimal point. 

Example 2.1 

714.02 = 7x10 2 +1x10 1 +4x10°+0x10- 1 +2x10- 2 

2.1.1 Base 2 to Base 10 Conversion 

Similarly, binary (base 2) numbers are also position-dependent 
relative to the binary point; each binary digit is multiplied by an 
appropriate power of 2 in order to obtain the decimal equivalent. 
The following example shows the conversion from a base 2 
number to a base 10 number. 

Example 2.2 

101.01 2 = 1x2 2 +0x2 1 +1x2 +0x2~ 1 +1x2 -2 
= 4+0+1+0+1/4 
= 5.25 10 

Notice that the binary point separates the positive and the nega- 
tive powers of 2. This is similar to the case of the decimal point 
separating the positive and negative powers of 10. 

2.1.2 Base 10 to Base 2 Conversion 

Converting a base 1 integer to a base 2 integer requires utilizing 
the division method. To explain, let N represent the base 10 
integer. Divide this integer, N, by 2 since base 2 is desired. As a 
result, there should be a quotient, Q , and a remainder, R . Then 
divide the previous quotient, Q , by 2 again and continue this 
process until the final quotient equals zero. The desired binary 
digits are the remainders resulting from each division step; the 
least significant bit starts with Rg. 

Example 2.3 

Converts 61 10 to binary: 

LSB 



61/2 = 


30 


remainder = 


1 


30/2 = 


15 


remainder = 





15/2 = 


7 


remainder = 


1 


7/2 = 


3 


remainder = 


1 


3/2 = 


1 


remainder = 


1 


1/2 = 





remainder = 


1 


61 10 = 


111101 2 







Converting decimal fractions to binary requires successive mul- 
tiplications by 2. Let F be a decimal fraction. Multiply this 
number F by 2 and obtain an integer and a fraction result. Take 
this integer and multiply once again by 2. Continue this process 
until it terminates or until a sufficient number of digits has been 
reached. The desired digits are the integer parts that were 
obtained at each multiplication step. The most significant digit is 
obtained first. 



Example 2.4 

Convert 0.375-|g to binary 

0.375 0.750 0.500 

x 2 x 2 x 2 



0.750 



1.500 



1.000 



io = o 
h = 1 

l 2 = 1 



MSB 
LSB 



0.375 10 = 0.011 

Note that if this procedure doesn't terminate, then the result 
must be a repeating fraction. 

2.1.3 Base 2 to Base 8 

To convert binary to octal (base 8) or vice versa is very simple 
and can be done by inspection. Each octal digit corresponds to 
three binary digits since it can be in one of eight states (0 to 7). 
Therefore, the binary number should be divided into groups of 
three starting from the binary point. Each group on both sides of 
the binary point is replaced by an octal digit representation. 



Example 2.5 

101110.011 2 



101 110 . 011 
5 6 . 3 8 

Similarly, binary to hexadecimal (base 16) and vice versa can 
also be done easily. This time, instead of three, the binary 
number is broken up into groups of four. The reason is because 
a hexadecimal digit can assume one of sixteen states (0 to 9, A, 
B, C, E and F). Again starting from the binary point, each group 
is replaced by its hexadecimal equivalent. 



Example 2.6 

11100101.0011 2 = mo 0101 
= E 5 



0011 
3 16 



2.2 Simplicity of Binary Arithmetic 

Due to the design of logic networks, it is much easier to do 
binary than decimal arithmetic in digital systems. Although 
binary arithmetic is implemented in about the same manner, the 
addition tables are much easier. Fortunately, numerical subtrac- 
tions may be performed by addition operations between numbers. 
This property is of little use in the decimal system. However, 
much can be gained if used in the binary system. This is mainly 
due to the fact that in a binary system, complements of numbers 
are easily implemented, and the same hardware can be used for 
addition and subtraction operations. This allows for considera- 
ble savings in terms of system hardware design. 



2.2.1 1's Complement 

To find the 1 's complement of a binary number is easily done by 
inverting each digit (0 or 1) up to the most significant digit 
specified. 

Example 2.7 

The 1's complement of: 
01011.1101 = 10100.0010 
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To subtract two positive binary numbers X and Y, (X-Y), the 
following procedures should be used: 

1. Take the J's complement of Y and add it to X. 

2. Check results for overflow carry: 

a. If there is an overflow carry, add it to the least significant 
digit of the result. 

b. If there is no overflow carry, the result is negative. Then, 
complement this result and place a minus sign in front. 

Example 2.8 

a) 1010.11 - 1000.01 = ? 

1010.11 

+ 0111.10 - 1 's complement of 1000.01 
overflow 1 0010.01 

+ 1 — add overflow carry 

0010.10 — answer 

b) 1001.10 - 1100.11 = ? 

1001.10 

+ 0011.00 - 1's complement of 1100.11 
noovertlow 1100.10 - -0011.01 

Since there is no overflow carry, take the 1's complement of 
1 100.10 and add a negative sign in front of it: 
Answer is -001 1 .01 

2.2.3 2's Complement 

The most widely used numbering manipulation technique in 
current digital computers is the 2's complement method. This 
method is easily implemented with any decent computer 
instruction set. Using the same hardware for addition and sub- 
traction in 2's complement makes system design simpler and 
can lead to savings in cost. 

To find the 2's complement of a binary number requires the 
following: 

1. Take the logical complement by inverting each digit of the 
binary number. 

2. Add 1 to the least significant digit. 



l-AOIiipiC £.9 

The 2's complement of 001 100.01 is: 

step(1) 110011.10 - logical complement of 001100.01 

step (2) + 1 

110011.11 - answer 

This technique can also be done by visual inspection. Start with 
the least significant digit of the number and visually scan to the 
left. Leave all digits unchanged until the first "1" is encountered. 
Then invert all the remaining digits to the left. Note that the 
binary point has no effect on this procedure. 



2.2.4 Subtraction with 2's Complement 

The steps for subtracting two binary numbers X and Y, (X-Y), are 
as follows: 

1 . Add X to the 2's complement of Y. 

2. Check result for overflow carry: 

a. If there is an overflow carry, then throw it out. The result 
now represents (X-Y). 

b. If there is no overflow carry, the number is negative. Take 
the 2's complement of the result and place a negative sign 
in front of it. 

Example 2.10 

a) 1110.11 - 1011.10 = ? 

1110.11 

overflow carry + 010010 ~ 2 ' s complement of 1011.10 
throw out 1 0011.01 - +0011.01 

b) 0001.11 - 1000.10 = ? 

0001.11 

+ 0111.10 - 2's complement of 1000.10 
no overflow 

carry 1001.01 - -0110.11 

Since there is no overflow, this number is negative. Therefore, 
take the 2's complement of 1001.01 and add a minus sign in 
front: Answer is -0110.11 
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3.0 Karnaugh Map 

3.1 Karnaugh Map Technique 

There exists a technique that allows the logic designer to 
minimize Sum of Product terms by utilizing Karnaugh maps. 
The Karnaugh map (referred to as K-map) graphically displays 
the Implicants (minterm) in any Sum of Product expression. It is 
derived directly from the truth table of this expression. K-maps 
are very useful for minimizing three, four, five and even six 
variable functions, but it gets too complicated beyond six. For 
expressions with more than six variables, the numerical manipu- 
lation should be done on a computer that uses the Quine- 
McCluskey method. This technique will not be discussed in this 
book. 

3.1.1 K-Map Reading Procedure 

Each minterm cell in the K-map has a value of "1 " as determined 
by the truth table. Circle those single minterm cells that will 
combine with its adjacent cells to form larger groups of 1 , 2, 4, 8, 
etc. If each single minterm cell is grouped individually, the map 
reading process should yield the original Sum of Product 
expression. 

However, if two minterm cells are grouped together, at least one 
variable is dropped. This is because the theorem X"Y+X7Y = X 
has been executed once. If a group of four adjacent minterm 
cells have been combined, then the theorem has been executed 
twice and two variables are dropped. Thus, a group of eight 
adjacent cells result in three variables being dropped. Therefore, 
the main objective is to minimize the number of minterm cell 
groupings while maximizing the number of minterm cells in 
each grouping. By minimizing the number of cell groupings, the 
number of inputs to the OR function is reduced. On the other 
hand, by maximizing the number of cells in each grouping, the 
number of inputs to the AND function is reduced. 

3.1.2 K-Map Matrix Labels 

In labeling the K-map matrix, the following rule should be 

followed. 

Top to bottom or left to right: 

Two-variable Three-variable Four-variable 

Add a '0' MSB and use the 
three-variable chart for the first 
half. For the second half, add a 
T MSB and repeat the same 
chart in reverse order. 



Notice that the number of variables shown above is referring to 
one axis only (X or Y). However, this technique may be used for 
any number of variables that may be desired on each axis. For 
any axis greater than one variable, the second-half is a mirror 
image of the first-half with the MSB equal to a T. This can be 
seen above when comparing the three-variable list to the two- 
variable list. 

3.1.3 K-Map Examples 

Examples of three- and four-variables K-maps are shown below. 
The corresponding truth tables for the examples are also shown 
to illustrate the derivation of the K-maps. 



Example 3.1 

Three-Variables K-map: 



00 


000 


01 


001 


11 


011 


10 


010 




110 




111 




101 




100 



A 


B 


c 


F 




















1 


1 





1 





1 





1 


1 


1 


1 











1 





1 


1 


1 


1 





1 


1 


1 


1 








00 


01 


11 


10 








r 






1 













product term 1 = B7C 
product term 2 = /B*C 
product term 3 = /A'C 
(SOP form) 
F = B*/C+/B*C+/A*C 

Karnaugh Map 



Truth Table 
Example 3.2 

Four-Variables K-map: 



Karnaugh Map 





00 


01 


11 


tal 


00 


h 


1 




01 


1 


1 








11 


1 


1 








10 


1 


1 1 





13j 



A 


B 


c 


D 


F 

























1 










1 













1 


1 

























1 









1 













1 


1 










1 


1 
















1 










1 


1 







1 





1 







1 


1 







1 








1 




1 





1 


1 




1 


1 










1 


1 


1 






product term 1 = /C 
product term 2 = /A7B 
product term 3 = /B'CVD 
(SOP form) 

F = /C+(/AVB)+ (/B'CVD) 



Truth Table 
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4.0 Combinational Logic 

4.1 Logic Design Introduction 

Logic design is a combination of analysis, synthesis, minimiza- 
tion and implementation of Boolean functions. Boolean func- 
tions must originally come from worded statements. This is a 
very important part of logic design because the worded state- 
ment can be ambiguous and imprecise, while the Boolean equa- 
tion must be unambiguous and exact. The conversion of words 
to equations is called synthesis. Engineers must be careful when 
synthesizing a problem because many times the originator of a 
problem is not a technical person. It is the responsibility of the 
logic designer to review the synthesis of the problem with the 
originator to make sure the solution is suitable. 

4.2 Combinational Design 

Combinational logic is a network whose output is solely 
dependent upon its inputs. It has no feedback loops or memory 
elements. 

The first step in combinational design is to analyze the problem 
and then define it in an exact manner. This will make synthesiz- 
ing a Boolean equation much easier. 

Synthesis usually takes several steps. Using truth tables and 
K-maps are common ways of specifying a problem and putting it 
in the minimal Boolean form. 

Example 4.1 

A seven-segment decoder decodes a BCD number and turns on 
the appropriate segments of a seven-segment digit. Given the 
seven-segment digit in Figure 4-1 develop a minimal equation 
for each segment by using a truth table and K-maps. 



I 1 



Figure 4-1. Seven-Segment Decoder 



Forming a truth table from Figure 4-1 is done by writing all '10' 
possible inputs down, then determining which segments should 
be activated for each input. For example, segment 'a' is activated 
whenever; 2, 3, 5, 7, 8, 9 or is input to the decoder. Once the 
table is formed, a K-map can be made for each segment. The 
K-maps are used to derive a Sum of Products logic equation for 
each segment. 

K-maps are an excellent way of forming equations when three to 
six variables are involved in a problem. Two standard algebraic 
forms of the function can be derived — the standard Sum of 
Products — (minterm expansion) and the standard Product of 
Sums (maxterm expansion). A network of AND and OR gates is 
derived directly from either form. 
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Table 4-1. Minterm and Maxterm Expansions 

Each minterm is a product term, so a Sum of Products expres- 
sion may be written with minterms. 

Example 4.2 

riewrite the Sum of Products equations from example 4.1 in 
minterm form. 

a = im (0, 2, 3, 5, 7,8, 9, 10, 11, 12, 13, 15) 

b = im (0, 1, 2, 3, 4, 7, 8, 9, 10, 11, 12, 15) 

c = im (0, 1, 3, 4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15) 

d = im (0, 2,3, 5, 6, 8, 10, 11, 13) 

e = im (0, 2,6, 8, 10, 14) 

f = im (0,4,5,6,8,9, 10, 11, 12, 13, 14, 15) 

g = im (2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 14, 15) 



tach maxterm is a sum of variables. It is derived by solving a 
i\-map for IheO-terms instead of the f -terms. Maxterms are used 
in a Product of Sums solution. 



Example 4.3 

riework the first two K-maps from Example 4. 1 to get a maxterm 
solution. 
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/b = XVY+XVZ 
b - (/X+YC(/X+Z) 
b = iM(5,6,13,14) 



Given either algebraic form, it is a simple matter of converting to 
me other form, or the inverse of either form. 
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Table 4-2. Conversion of Forms Table 



4.3 NAND Gates and NOR Gates 

A set of logic operators is said to be functionally complete if 
any Boolean function can be expressed in terms of this set of 
operations. The set; AND, OR and NOT, is functionally com- 
plete. The NAND and the NOR gates are each functionally 
complete by themselves. Therefore they are called Universal 
gates. 



Conversion of AND and OR networks to NAND networks is 
carried out by starting with a minimal sum of products expres- 
sion and then applying the theorem; F = /(/F). This equation 
should then be solved using De Morgan's theorem. 
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Table 4-3. Truth Tables 
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Example 4-3 

From the K-map in Figure 4-2, find equations for an AND-OR, 
NAND-NAND, OR-NAND and NOR-OR networks. 
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Figure 4-2. Karnaugh Map 



F = A"B+/AVCVD+A"C*D 
F = /[/(A°B+/A7C7D+A*C*D)] 
F = /[/(A'B)7(/A7C7D)7(A*C*D)] 
F = /[(/A+/B)'(A+C+D)-(/A+/C+/D)] 
F = /(/A+/B)+/{A+C+D)+(/A+/C+/D) 



eq. 4-1 
eq. 4-2 
eq. 4-3 
eq. 4-4 
eq. 4-5 



Equations 4-2 thru 4-5 are AND-OR, NAND-NAND, OR-NAND 
and NOR-OR networks, respectively. 

In order to get a network of NOR gates we must start with the 
minimum Product of Sums form of F. 



Example 4-4 

From the K-map in Figure 4-2 find equations for OR-AND, 
NOR-NOR, AND-NOR and NAND-AND networks. 



/F = /A7C*D7A*C7D+A7B 
F = A+C+/D7A+/C+D7A+B 
F = /[/(A+C+/D7A+/C+D7A+B)] 
F = /[/(A+C+/D)+/(A+/C+D)+/(/A+B)J 
F = /(/A7C-D+/A-C7D+A7B) 
F = /(/A7C"D)7(/A - C7D)7(A7B) 

Equations 4-7, 4-9, 



eq. 4-6 
eq. 4-7 
eq. 4-8 
eq. 4-9 
eq. 4-10 
eq. 4-1 1 

4-10 and 4-11 are OR-AND, NOR-NOR, 



AND-NOR and NAND-AND networks, respectively. 

NAND-NAND and NOR-NOR networks are very common in 
industry because both the NAND and NOR gates are universal 
gates. Thus, these gates are made in great quantities, making 
them more available for designers. 

A NAND-NAND network is made from a Sum of Products solu- 
tion. The AND and OR gates of the SOP solution are replaced by 
NAND gates with all the interconnections staying the same. 
Variables that are input directly to the output gate must be 
inverted. 

A NOR-NOR network is made from a Product of Sums solution. 
The OR and AND gates are replaced by NOR gates with all 
interconnections staying the same. Any variables that are input 
directly to the output NOR gate must be inverted. 

An easy way of forming either a NAND network from a Sum of 
Products, solution or a NOR network from a Product of Sums 
solution is to place two inversion bubbles in series between the 
two levels as demonstrated in Figure 4-3. 




Figure 4-3. Network Conversion 

4.4 Multiplexers 

Multiplexers are circuits which select one of 2 n input lines using 
n selector lines. For example, an eight-input multiplexer selects 
one of 2 3 input lines using three select lines. 

Example 4.5 

Design an 8:1 multiplexer in SOP form by using a truth table. 
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Truth Table for 8:1 Multiplexer 



As can be seen from the truth table A, B and C select one of the 
eight multiplexer inputs to appear on the output, Y. If A, B and 
C = 01 1 , then the D3 AND gate will be enabled while all the other 
AND gates will be disabled. This allows D3 to be ORed' with 
seven zeros and thus end up on the output Y. 
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4.5 Decoders 

On a multiplexer with n address lines, one of the 2 n inputs is 
selected to be output. On a decoder with n address lines, one of 
the2 n output lines is forced either high or low, depending on the 
design of the decoder. Table 4-4 shows a truth table for a 3-to-8 
decoder. 



Example 4.6 

Design a dual 8:1 mux with the appropriate PAL device. 

When selecting a PAL device several things must be considered. 
Wi II the design need registers, how many inputs and outputs are 
there, are the outputs active high or active low? For a Dual 8:1 
mux the select lines will be shared but the eight data inputs to 
each mux are independent. Thus, we need nineteen inputs and 
two outputs for the design. This narrows our choices down to 
one PAL device, the PAL20L2. The output of the PAL20L2 is 
active low but this causes no problems because an active high 
output will result by simply inverting all the data inputs. 

Multiplexers have been widely used as logic devices as well as 
selector circuits. A 4:1 mux can be used to realize any three- 
variable function. An 8:1 mux can realize any four-variable 
function. 

Example 4.7 

Solve the K-map in Figure 4-4 and build the circuit with an 8:1 
multiplexer. 
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Figure 4-4. Eight One-Variable Karnaugh Maps 

A, B and C are used as control inputs to the multiplexer, this 
leaves D as the only real variable in the problem. The 16-square 
K-map can thus be broken up into eight one-variable K-maps. 
Each map is solved for one of the eight data inputs to the 8:1 
multiplexer. 
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Table 4-4. Decoder Truth Table 

A decoder will have as many outputs as there are possible binary 
input combinations. It can be seen from Table 4-4 that only one 
output can be equal to 1 at any one time. The outputted 1 
represents the minterm combination that was input to the dec- 
oder. It can also be noticed from Table 4-4 that there is not a 
combination of inputs that will give all 0's on the outputs. Many 
designs need this ability. It can be added simply by putting an 
enable line in all of the output AND gates. The logic design and 
block diagram for the 3-bit decoder in Table 4-4 appears in 
Figure 4-5. 



3 TO 8 DECODER 





(b) 

Figure 4-5. (a) Logic Diagram for 3-to-8 Decoder 
(b) Block Diagram for 3-to-8 Decoder 
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M.oyi.uuuc v-uinpaiaior is a comDinational circuit that com- 
pares two numbers, then outputs one of three signals; 
A > B, A = B or A<B. 

Example 4.8 

Design a 3-bit magnitude comparator in a Sum of Products 
rm, then fit it into an appropriate PAL device. 
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A>B = A2VB2 

* A1VB2VB1 

+ A0VB2VB1VB0 

* ATA0VB2-/B0 
+ A2-AV/B1 

* A2*A1'A0VB0 

* A2-A0VB1VB0 



B>A = /A2-B2 

* /A2VAVB1 

* /A2VA1VA0*B0 
+ /A2VA0-BVB0 
*/AVB2'B1 

+ /A0*B2*B1*B0 

* /A1VA0-B2-B0 
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The six-variable K-maps are used to produce Sum of Product 
equations for A > B and B > A. These equations are then used 
to form the two-level logic diagram of the 3-bit magnitude 
comparator. 




A>B 



B>A 



The logic diagram of the 3-bit comparator shows that there are 
six inputs and two outputs in the circuit. Each output is derived 
from seven product terms. The PAL16H2 fits the design best. 
This PAL device has more inputs than are needed, but it is the 
smallest PAL device with enough product terms to realize the 
circuit. A NOR gate external to the PAL device can be used to get 
the result A = B. The outputs of the PAL device will be the inputs 
to the NOR gate, when both inputs equal '0', A equals B. 

4.7 Adder 

A binary adder takes two binary inputs, adds them, then outputs 
the binary sum. A full adder is the basic building block of any 
adding network. A full adder is a 1 -bit adder with a carry-in and a 
carry-out. The truth table is shown in Table 4-5. The logic design 
and block diagram appear in Figure 4-6. 
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Table 4-5. Truth Table for Full Adder 
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Logic Diagram 
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The truth table is used to form K-maps for the outputs Y and Cj n 
These simple K-maps are solved to obtain equations for Y and 
Cj n . The equations are then used to design a Sum of Products 
circuit for the 3:8 decoder. The decoder is shown in Figure 4-6. 
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4.8 Hazards 

Even though a digital network is designed correctly, it still may 
have erroneous outputs at times due to Hazards. Hazards exist 
because physical circuits do not behave ideally. For example, a 
D-type flip-flop has two outputs; Q and /Q, which should always 
be complements of each other. In the real world Q may be 
switching from 1 to and /Q from to 1 . Unless both Q and /Q 
switch at exactly the same time Q will equal /Q for some finite 
amount of time. In some cases this could cause the network to 
malfunction. The change in the flip-flop output may not cause 
the steady-state output of the network to change, but the tran- 
sient output may have had a spurious change due to the non- 
ideal flip-flop. If the network's output was the set line of a latch, 
the latch would set due to the hazard. 

There are two types of hazards, Static and Dynamic. Static 
Hazards occur when the steady-state output of a network does 
not change due to an input change, but a momentary change 
does occur in the transition from one state to another. Static 
Hazards are qualified further as either static 1 hazards or static 
hazards. Static 1 hazards exist when the steady-state output is 1 , 
static hazards exist when the steady-state output is 0. 



(a) (b) 

Figure 4-8. (a) Static Hazard, (b) Static 1 Hazard 

Dynamic hazards occur when the steady-state output is sup- 
posed to change due to an input change. The hazard occurs 
when the transient output changes several times before settling 
down. 



COUT 

Figure 4-6. (a) Karnaugh Maps for 3:8 Decoder, (b) Logic Dia- 
gram, (c) Block Diagram 

A parallel 4-bit adder will now be designed using four full adders. 
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Figure 4-7. Parallel 4-Bit Adder 



To implement this circuit in a PAL device, each carry-out is 
directly input to the next digit's carry-in. Nine inputs and eight 
outputs are needed. Three of the outputs (the first three carry- 
outs) are only needed so they can be fed back into the circuit as 
inputs. A PAL16L8 is the perfect PAL device for this design. 



Figure 4-9. Dynamic Hazard 

As previously mentioned hazards are caused by the nonideal 
physical network. Two classifications of hazards causes do 
exist; function hazards and logic hazards. 

Function hazards can be present when more than one input 
variable changes. It is easy to see from the K-map in Figure 4-10 
why function hazards exist. 
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Figure 4-10. Karnaugh Maps with Function Hazards 
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A function static 1 hazard is present when the input variables A, 
B, C and D go from < 0000 > to < 0101 >. If both B and D 
changed simultaneously no temporary erroneous pulse would 
appear on the output; however in the real world either B or D 
would change first. The transient output would have gone to 
from being momentarily in state < 0100 >or< 0001 >. Looking 
at the K-map, it is easy to see function static hazards and func- 
tion dynamic hazards. 

The easiest way to avoid function hazards is by restricting input 
changes to one variable at a time. This method is not always 
possible though, because the inputs may not be under your 
control. 

Logic hazards exist because of the way a function is realized. 
Logic hazards can exist even if input changes are rescticted to 
one variable at a time. 

A K-map is a very good way of locating logic hazards. When 
trying to locate the static and static 1 logic hazards on a K-map 
it is only necessary to map the 1-sets or the 0-sefs. 
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(a) 



Figure 4-11. (a) Karnaugh Map with Two Logic Hazards 
(b) Karnaugh Map with No Logic Hazards 

A 1 -set is a product expression derived from a grouping of 1 's on 
the K-map. If there are two adjacent input states that produce a 1 
on the output, but are not covered by the same 1-term, a static 
logic hazard exists. Logic hazards may be eliminated by rede- 
signing the circuit so adjacent input states that produce ones are 
covered by the same 1-term. 
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5.1 Introduction 

In the previous chapter, combinational circuits were discussed — 
circuits whose outputs are determined completely by their 
present input. Outputs of some networks depend not only on 
their present inputs but also on the sequence of their past inputs. 
These circuits are called sequential switching networks. 
Sequential networks must be able to remember the past 
sequence of their inputs in order to be able to produce new 
outputs. 

5.2 Latches 

In order for a sequential circuit to remember the previous inputs, 
it must retain those values in some memory elements. The most 
basic memory element is called a latch. Latches are memory 
devices with one or more inputs that effect their outputs. 

One of the most important properties of the latches is that any 
change to the input of the latch will appear at the output and the 
new output will be delayed only by the propagation delay of the 
gates between inputs and the outputs. All the latches have this 
transparency property and usually are referred to as transparent 
latches. A latch constructed of NOR gates is shown in Figure 
5-1a. 

5.2.1 RS Latch 

Tne circuit in Figure 5-1 a is called a SET-RESET or an RS latch. 
There are two input lines to an RS latch, which are used to 
control the state of the latch. The rules for this type of latch are: 

1 . If SET = RESET = 0, then the latch remains in the same state 
and output does not change. 

2. A '1 ' on the SET and '0' on the RESET line will make the latch 
SET to T. 

3. A '0' on the SET line and a 'V on the RESET line causes the 
latch RESET to '0' state. 

4. If SET = RESET = 1,thenQand/Qwillbe'0'atthesametime 
which is meaningless. When designing with an RS latch, we 
should remember that SET = RESET = 1 is forbidden. 

Following an RS latch circuit, itssfafe table, characteristic equa- 
tion and waveforms are shown. 
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Figure 5-1. RS Latch (a) Logic Circuit (b) State Table (c) Kar- 
naugh Map (d) Waveforms 

Let's examine the RS latch circuit when SET = RESET = 1. In 
this case the output, Q, will toggle for a long period of time, and it 
is unpredictable to know when the circuit will be out of this state. 
The following waveforms examine this case: 



Latches can have more than two inputs. In Figure 5-2, we exam- 
ine a latch circuit that has two SET terms instead of one. The 
latch circuit and the transition table are shown. 
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Figure 5-2. RS Latch (a) Latch Circuit (b) State Table 

The RS latch configuration shown in Figure 5-1a, can be modi- 
fied considering that an OR gate with an inverted output is 
equivalent to an AND gate with inverted inputs. 
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The RS latch schematic can be changed, so that it uses the 
above equivalence: 




This configuration for realizing a latch is very useful, because it 
is in sum-of-product form. 

In some applications using latches, it is desired for the input data 
to be effective only when another signal — usually referred to as 
a control signal — is active. For these applications, the RS latch 
could be modified as shown in Figure 5-3. 

It is apparent from Figure 5-3 that only when the control signal 
(C) is active, the values of the SET and RESET are effective. So 
when C = 0, the changes in the SET-RESET terms would not 
have any effect on the output. 

A thorough examination of Figure 5-3b will show that a change in 
the input of the latch does not effect the output simultaneously, 
and there is a short delay for this change to appear on the output. 
This delay is caused because of the propagation delays of the 
gates between inputs and outputs. 





J 



(b) 



Figure 5-3. RS Latch with Control (a) Latch Circuit 
(b) Waveforms 



5.2.2 D Latch 

Other kinds of latches are used in sequential circuits. One of the 
most popular latches is called a delay latch — D latch. An RS 
latch is modified to a D-latch by inserting an inverter between S 
and R, and assigning S to D input term. The D latch will take the 
value of its input and transfer it to the output. The advantage of 
the D latch over the RS latch is that in the former only one input is 
needed and there is no forbidden state. The only disadvantage of 
the D latch is that it does not have a "no change" state. Th is state 
could be reached by inserting a control signal, C, as an input to 
the latch (Figure 5-4). 
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Figure 5-4. D Latch (a) Logic Circuit (b) State Table 
(c) Waveforms 
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5.2.3 JK Latch 

Another useful latch is the JK latch which is shown in Figure 6-5. 
This latch consists of an RS latch with two AND gates in front of 
the inputs. This is most useful because JK latches act like RS 
latches, and it is permissible to apply T to both inputs simul- 
taneously. The state table and characteristic equation for a JK 
latch is shown in Figure 5-5. 
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Figure 5-5. JK Latch (a) Logic Circuit (b) State Table and 
Characteristic Equation 

5.2.4 T Latch 

Another type of latch is a triggered latch (T Latch), which has 
only one input called T. Whenever T is high, the latch changes 
state. T latch is realized by connecting both J and K to one 
input, T. 
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Figure 5-6. T Latch (a) Logic Circuit (b) State Table and Char- 
acteristic Equation 



5.3 Flip-Flops 

A flip-flop is also a bistable device — a circuit with only two 
stable states. There is one main difference between flip-flops 
and latches. Flip-flops do not have the transparency of the 
latches. Therefore a change in the input does not effect the 
output immediately. A change in the flip-flop is a result of a 
change to the control or an asynchronous input. The main 
advantage of the flip-flops over the latches is that it is possible 
to "read in" a new value to the flip-flop and read out an output 
at the same time. This property is not allowed in the latches 
because of the latch transparency. 

A group of flip-flops form a register. A register is a digital 
device that is used to hold information. A register may be a 
combination of flip-flops and gates. The gates would control 
how and when the data from the flip-flops will be transferred. 

In the previous sections, different types of latches were dis- 
cussed. The same type of flip-flops are available (RS, JK, Dand 
T flip-flops) and the state equations are the same with the 
difference that the output change in latches is realized on the 
same clock pulse and in the flip-flops on the next pulse. 

Let's take a look at a D-latch and a D flip-flop and discuss the 
difference between them. 
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Figure 5-7. Comparison of a D-Latch and a D Flip-Flop 

Examining the above waveforms, we could notice that the D 
latch and D flip-flop act the same except when the D input 
changes while C = 1 . Because in the flip-flop at the edge of each 
clock pulse the input is seen and the flip-flop maintains the value 
till the next clock edge. But in latches the output follows the 
input while C = 1. 

5.3.1 Characteristic Equations 

The characteristic equations for various flip-flops are summar- 
ized as follows: 



Q t +1 = S+/R-Qt 
Q t +1 = J7Qt+/K*Q t 
Q t +1 = T:+:Q t 
Qt+1 = Q t 



RS flip-flop 
JK flip-flop 
T flip-flop 
D flip-flop 



In the above equations Qt+1 is the next state and Qt is the 
present state. Generally we could convert one flip-flop to the 
other by inserting some gates in front of the RS flip-flop. 



4-22 



Monolithic FJJ Memories 



Logic Tutorial 



5.4 Designing Sequential Circuits 

As it was stated earlier, the states of a sequential circuit depend 
not only on the present states of its inputs, but also on the past 
history of them. A sequential circuit is constructed of flip-flops 
and gates. The gates construct the combinational part of a 
sequential circuit, and we could have any number of flip-flops 
that are needed. A general block diagram of a sequential circuit 
is shown in Figure 5-8. 
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CLOCK ■ 
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±1 



COMBINATIONAL 
CIRCUIT 



Figure 5-8. Sequential Circuit Block Diagram 

The combinational section receives external binary inputs and 
feeds information to the flip-flops. The flip-flops have a feedback 
path to the combinational circuit. The circuit has external out- 
puts. At the rising edge of each clock pulse the information from 
the combinational circuit is read into the flip-flops and the new 
outputs are generated. The outputs do not change until the next 
clock pulse. 

A general block diagram of a sequential circuit has been 
reviewed. Now let's look at a more specific circuit. In Figure 6-9, 
an example of a sequential circuit is shown. 
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Figure 5-9. Example of a Sequential Circuit 



This circuit consists of two JK flip-flops, an inverter, an AND 
gate and an XOR gate. It has an external binary input, X, and an 
external ouput, Z. 

In this section, we try to familiarize ourselves with the analysis 
and synthesis of sequential circuits. Synthesis will be covered 
first, because it would make the analysis understanding easier. 



5.4.1 Transition Tables 

The states of a sequential circuit are determined by its inputs, the 
outputs and states of the flip-flops. In order to examine these 
states, we should determine the input equations to the flip-flops. 
Let's look at Figure 5-9. Using the characteristic equation for 
the JK flip-flop, the input equaiton for Figure 5-9 will be 
examined: 

J A = X:+:B J B = X7A Z = A 

K A = /X Kg = X 

The next state equations are: 

A t+1 = Ja'/Q+/Ka*Q = (X:+:B)7A+X7a 
= (X7B+/X*B)7A+X"A 
a /A7B-X+/A-B7X+B7X 

B t+1 = Jb7Q+/Kb*Q = /A7B*X+B*X 

the above are called the sfafe equations. The corresponding 
K-maps are: 
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Using these maps, the transition tables for Figure 5-9 are 
derived. There are only four different combinations that A and B 
could have. The next state values are derived using these four 
possible combinations. 

The present state is the state of the flip-flop before the clock 
pulse, the next state is the state of flip-flop after the clock pulse 
has been applied. The present output, Z, is the output of the 
sequential circuit after the clock pulse. As mentioned before, the 
circuit can have four states: AB = 00,01, 11 and 10. At this point, 
we try to cover transitions for one input state. Suppose the 
circuit is in the 00 state. If an X = input is applied, the next state 
will be 00. If an X = 1 is applied, the next state will be 11. the 
output for both cases is Z = 0. 
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Figure 5-10. Transition Table for Figure 5-9 
5.4.2 State Tables and State Diagrams 

Examining the transition table, we notice that AB has four com- 
binations. We could assign letters to these four combinations: 
So = 00, Si = 01 , S2 = 1 1 and S3 = 10. Using these assignments 
the transition table could be modified to thesfafe table shown in 
Figure 5-11. 
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Figure 5-11. State Table for Figure 5-9 

A state diagram can be derived using the state table. A state 
diagram could show transitions between the states when a spe- 
cific input is applied. Each state is represented by a circle and the 
transition between the state is shown by arrows. 




Figure 5-12. State Diagram for Figure 5-9 

The condition under which a transition occurs is represented by 
X/Z. Applying an input, X, a transition from one state to the other 
takes place and a Z output will be produced. The state diagram 
for the state table in Figure 5-11 is shown in Figure 5-12. 

We have gone through a complete analysis procedure for the 
previous example. This process could be summarized as 
follows: 

1. Using a given network, determine the input equations. 

2. Derive the next state equations, using the flip-flop character- 
istic equations: 

Qt+1 = D D flip-flop 

Q t+ 1 = T:+:Q T flip-flop 

Q t +1 = J7Q+/K*Q JK flip-flop 

Qt+1 = S+/FTQ RS flip-flop 

3. Derive the corresponding K-maps, and transition tables. 

4. Assigning states to the variables, make the state table. 

5. From the state table, draw the state diagram. 

The analysis of a sequential circuit could be easier to under- 
stand, because the same steps could betaken in reverse order. A 
flow chart of the procedure is shown below. 




5.4.3 Design Examples 

In this section, the procedure for designing sequential circuits 
will be shown in more detail by analyzing some design prob- 
lems. The design steps will follow the flow table shown in the 
previous section. 

Example 5.1: 

Design a clocked sequential circuit which receives an input, X, 
and will produce an output, Z = 1, after it has received an input 
sequence of 0010 or 100. 

Solution: 

The first step is to make a state diagram. The state diagram will 
start in a state designated by SO, if the next input from SO state is 
a 0, it could be the start for the 0010 sequence. If a 1 is received, 
the circuit will go to state S4, which could be the start for the 1 00 
sequence. 

When intheSI state one of two inputs could be received X = Oor 
X = 1. If X = then the circuit could still follow the 0010 
sequence, because so far it has received the 00 sequence. If 
X = 1 then the input sequence would be 01 so far, which cannot 
follow the 0010 any more but it could be a start for the 100 
sequence, therefore under this condition the circuit would have 
a transition from state S1 to S4. 

While in the S4 state, if an X = 1 is received it would stay in the 
same state, because a sequence of 1 1 could still follow the 100 
pattern. If X = is received the 100 pattern could continue, 
because 10 follows the 100 pattern. 

When in the S2 state if an X = is received, it will stay in the S2 
state and if X = 1 then it will have a transition from the S2 to S3 
state. While in the S3 state, we will have a transition to state S4 if 
X = 1, because the input sequence would be 0011 which cannot 
follow the 001 sequence any more, but the 1 at the end could be 
a beginning for the 100 sequence which is the same state as the 
S4. If X = is received then the 0010 sequence is complete and 
an output, Z = 1, is generated. At the same time in the 0010 
sequence, the 10 at the end could be the start of the 100 
sequence. Therefore under the X = OconditionaZ = 1 isgener- 
ated and a transition from the S3 to the S5 state will happen. 

While in the S5 state an X = 1 will transfer the circuit from S5 to 
S4, and an X = will cause a transition from S5 to S6. Under this 
condition a Z = 1 is generated for the output because the 100 
sequence for the inputs has occurred. 



From the S6 state we will s 
and a transition to S3 if X : 
shown in Figure 5-14a. 



e a transition from S6 to S2 if X = 0, 
1. A state diagram of this design is 



Figure 5-13. Flow Chart of Sequential Circuit Analysis 



By analyzing the state diagram, a state table is generated (Figure 
5-14b). A careful look at the state table will show that the S2 and 
the S6 states are equivalent, because under X = they both have 
a transition to state S2 with Z = 0, and under X = 1 they would 
transfer to S3 with Z = 0. So the state table could be summarized 
to Figure 5-1 4c. After summarizing the state table, there will be a 
total of six states left, therefore at least three variables will be 
needed for the state assignments (2 3 = 8). In this case only six 
assignments will be used. The state variables are designated by 
A, Band C. The state assignments are illustrated in Figure 5-1 4d. 
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Figure 5-14. Example 5.1 (a) State Diagram (b, c) State Tables 
(d) Transition Table 

From the Assignment table, the K-maps for each state are derived . 
In this design the circuit is realized by JK flip-flops, therefore two 
K-maps are needed for each state variable (shown in Figure 
5-15). 



A>^ X 


00 


01 


11 


10 


v. c,x 
»,b\ 


00 


01 


11 


10 


00 





1 


1 





00 


X 


X 


X 


X 


01 








1 


1 


01 


X 


X 


X 


X 


11 


X 


X 


X 


X 


11 


X 


X 


X 


X 


10 


X 


X 


X 


X 


10 











1 





00 


01 


11 


10 




00 


01 


11 


10 


00 











1 


00 


X 


X 


X 


X 


01 


X 


X 


X 


X 


01 








1 


1 


11 


X 


X 


X 


X 


11 


X 


X 


X 


X 


10 











1 


10 


X 


X 


X 


X 



J B = cvx 



Kg = C 



A,B 





00 


01 


11 


10 




I 00 


01 


11 




00 


1 











00 


I x 


X 


1 












01 





1 


X 




X 


01 


X 


X 


1 





11 


X 


X 


X 




X 


11 


X 


X 


X 


X 


10 


1 





X 


X 


10 


X 


X 


1 


1 



J c = B'XVBVCVX 

c,x 

A,B 



K C = /B-X 





00 


01 


11 


10 


00 














01 













11 


X 


X 


X 





10 











1 



Z = A'CVXtB-CVX 

Figure 5-15. Karnaugh Maps for Example 5.1 

State equations are derived using the K-maps. Using the state 
equations, the circuit diagram for the design would be obtained 
as shown in Figure 5-16. The state equations are summarized as 
follows. 

J A = /B*X+B*C J B = CVX J c = B-X+A7X 

K A = /X*C Kg = C K c = /B+X 



J A = /B*X*B-C 




K A = X-C 



Figure 5-16. Circuit Diagram for Example 5.1 
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Example 5.2 

Derive the state diagram, state table, and state equations of a 
sequential circuit which adds five to a binary number in the 
range of 0000 to 1010. The inputs and outputs should be serial 
with the least significant bit arriving first. Realize this design with 
three JK flip-flops. 

Solution: 

In Figure 5-17a, all the possible combinations for the input and 
the output are shown. The state table starts at state A. At time to 
the first input is received, if X = then we look at the map for all 
possible combinations and notice that at to whenever X = 0, the 
output is a 1. Thus, if the present state is A, under X = the 
output is Z = 1 . On the other hand, if X = 1 the map shows that Z 
will be a 0. At time t-| if X = and the sequence of the inputs has 
been 00 then the output would be a 01 . So in this transition Z = 0. 
All the states of the state diagram could be derived by inspection 
of the table in Figure 5-1 7a. The state diagram will be completed 
as in Figure 5-17b. 

The state table is drawn using the state diagram. Inspecting the 
state table will show that some of the states are equal. States H, J 
and L will have the same next state under X = and X = 1, and 
produce the same outputs, therefore H = J = L, and if they 
appear anywhere in the state table, they will be replaced by the H 
state. States I, K, M, N and Pare equivalent for the same reason- 
ing, thus they all will be replaced by 1 in the state table. Because 
H = J = Landl = K = M. states D, Eand Fareequivalent. There- 
fore, the state table would be summarized to the table shown in 
Figure 5-18b. There are a total of seven states used in the last 
table, so three state variables will be needed. The state variables 
are called A, B and C. A complete transition table is shown in 
Figure 5-1 8c. 

The K-maps are drawn, using the state table. The state equations 
are calculated using the K-maps. 

JA - B-X+B-C KA = B 

JB = /A*C+A7C KB = A+/CX+C7X 

JC = /A7X KC = A+B*X 

Z = B7X+A'X+/A7C - X+/B*C-X 
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Figure 5-17. Example 5.2 (a) Truth Table (b) State Diagram 
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Figure 5-18. Example 5.2 (a) State Table (b) Reduced State 
Table (c) Transition Table 
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Figure 5-19. Karnaugh Maps for Example 5.2 
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Design a sequential pattern detector that receives an input and 
produces an output, Z = 1 , if, and only if. there has been only one 
group of ones in the input sequence. Derive the state diagram, 
state tables and state equations using three D flip-flops. 

Solution: 

The state diagram is drawn as in Figure 5-21. The state table, 
transition table, and K-maps can be drawn easily from the state 
diagram. The state equations are calculated as follows: 

D A = A+B7X D B = B7X+/A-X Z F B 

The state tables are shown in Figure 5-20, and the K-maps are 
shown in Figure 5-21. 
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Counters are among the most commonly used sequential cir- 
cuits. In the following sections, they are covered in detail. 

A register that goes through a predetermined state upon receiv- 
ing an input pulse is called a counter. Counters are one of the 
simplest sequential circuits, and are found in almost all equip- 
ment containing digital logic. According to what sequence of 
logic a counter follows, we will have different types of counters: 
BCD, binary, etc. 

The binary counter is one of the simplest counters. An n-bit 
binary counter is a register with n flip-flops and associated 
combinational logic that follows the sequence of n-bits from 
0-2n-1. 

Example 5.4 

Design a 3-bit up/down binary counter. There are three outputs 
from the binary counter: DA, DB and DC. The input to the 
counter isX, the counter will increment if X =1 , and decrement if 
X = 0. Design this circuit using three D flip-flops. 

Solution: 

This circuit would have eight different states, because the 3-bit 
counter goes through eight different states. The states are called 
qO, q1, q2, q3, q4, q5, q6 and q7. If X = 1 each state will have a 
transition to its next higher state. For example qO will go to q1 , q1 
will go to q2 and so on. If X = then each state will change to its 
previous state. For example, q7 will go to q6, q5 to q4 and so on. 

The state diagram of this design is shown in Figure 5-22a. The 
state, and transition tables which are derived from the diagram 
are shown in Figure 5-22b. The K-maps and the state variables 
are shown in Figure 5-22c. The state equations are calculated 
using the K-maps. The equations are summarized as follows: 

D A = /A7B7C7X+/A*B*C - X+A'B7C*X+A7B - X+A*C7X 

D B = /B7C7X+/B"C*X+BVC*X+B*C7X 

D C = /C 



Figure 5-20. Example 5.3 (a) State Diagram (b) State Table 
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Figure 5-21. Karnaugh Maps for Example 5.3 
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Figure 5-22. 3-Bit Up/Down Counter (a) State Diagram (b) 
State Tables (c) Karnaugh Maps 

Example 5.5 

Implement the 3-bit up/down counter of the Example 5.4 using 
the PAL device most suitable for the design. 

Solution: 

The 3-bit binary counter designed in the previous example will 
require three flip-flops. The PAL device for this design will 
require at least three flip-flops. Since there is no PAL device 
available that has only three flip-flops, the best PAL device will 
be the PAL16R4 because it has four flip-flops and contains the 
AND-OR gates needed to realize the combinational circuit of the 
counter. The schematic of the 3-bit up/down counter using the 
PAL16R4 is shown in Figure 5-23. 

Design of a binary counter could be complicated by adding new 
features to it. A counter can be made to count up or down, load 
new values in, or clear the present state of the counter and reset 
to 0's. These features are discussed in the following example. 



Example 5.6: 

Designa4-bitup/downcounterthatreceivesaninput.X,ifX = 1 
tne counter counts up and if X = it counts down. The load 
feature loads new values into the output registers. The clear 
operation clears the output registers and resets them to all lows 
(zeros). Design this counter using D-type flip-flops and realize 
the circuit with the proper PAL device. 
Solution: 

First we design a 4-bit up/down binary counter, then we design 
the new function into it. A binary counter could have sixteen 
different possible states. The procedure of making the state 
diagram, state table, and K-maps is similar to the design of the 
3-bit counter. The corresponding drawings are shown in Figures 
5-24 and 5-25. 
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Figure 5-23. 5-Bit Counter (a) State Diagram (b) State Tables 
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/C = /CVD"UP+/C*DVUP 
♦ C'D'UP*C*/DVUP 
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IB = /B"C*/D+/BVC"UP 
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Figure 5-25. Karnaugh Maps for 4-Bit Counter 



As you might have noticed, the equations are derived for the low 
outputs because many PAL devices have only low outputs. The 
equations derived so far are written just for an up/down counter. 
To implement the clear function, the signal should be ANDed 
with the other terms in the equations for A, B, C and D, and a 
CLEAR term should be ORed with each equation. The LOAD 
function should be ORed with all the terms to make them lows 
and another term should be added to each equation that 
consists of LOAD* (new value). The modified and final equations 
are listed below: 

/A = /LOAD7CLR7A" /C UP 
+ /LOAD7CLR7A' D7UP 
+ /L0AD7CLR7A7B" C 
+ /LOAD7CLR7A* B' ,'D 
+ /LOAD7CLR' A7B7C7D7UP 
+ /LOAD7CLR' A" B" C - D - UP 
+ LOAD7CLR* Al 
t CLR 



IB = /L0AD7CLR7B' C7D 
+ /LOAD7CLR7B7C UP 
+ /LOA07CLR7B' D7UP 
+ /L0AD7CLR" B - G" D' UP 
+ /L0AD7CLR- B7C7D7UP 
+ LOAD7CLR7BI 
+ CLR 

/C = /L0AD7CLR7C7D" UP 
+ /L0AD7CLR7C - D7UP 
+ /LOAD7CLR" C - D* UP 
+ /LOAD7CLR* C7D7UP 
+ LOAD7CLR7CI 
+ CLR 

/D I 



= /LOAD7CLR* D 
+ LOAD7CLR7DI 
+ CLR 

Using the above equations and PAL16R4, the schematic for the 
4-bit counter could be generated. This design is shown in 
Figure 5-26. 

As we try to design bigger counters, the design of them using the 
state tables and K-maps gets more diffucult. In the design of the 
4-bit counter, K-maps were used. If we try to design a counter 
bigger than this summarizing the equations will be very tough to 
do. Therefore, we try to find a general solution for solving the 
counter design problems. Let's try to write the equation for the 
most significant bit (MSB) of an n-bit binary counter (Q n ). 

Let's look at the case where the counter is counting up. The new 
value of Q n will depend on the carry-in from bit Q n -i into Q n . If 
all least significant bits (LSBs) are high when we count up, we 
will have a carry-in from Q n -1 into Q n . 

C IN : = Q n -l'Q n -2*" QrQ0 * UP 
Now let's look at the following table: 



UP 


Qn 


CARRY INTO Qn 


NEW Qn 


H 


L 


L 


L 


H 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L 



Carry-in Table 

Examining the above table, it is easily concluded that: 

Q n := Q n : + : carry-into Q n 

Q n := Q n :+:(Qn-1-Qn-2* -.Q0*UP) 

Now that we have calculated the equation for the count-up case, 
let's look at the count down. Carry-in from Qn-1 into Q n will be 
high if all the LSBs are low and we are counting up. 

Borrow in Qn := /Qn-17Qn-2'.../Q07UP 

Let s look at the following table: 
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Borrow-in Table 
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So: 

Q n = Qr>: + : Carry-into Q n 
Q n = Q n :+:(/Q n --|7Q n _2*.../Q17Q07UP) 
Therefore: 

Q n = Q n :+:(Q n -l'Qn-2"-Q1-Q0-UP) 
+ Q n :+:(/Q n _1 7Qn-2*.../Q1 VQO/'UP) 

Let's try to summarize the above equaiton. For simplicity, let's 
give shorter names to different parts of the above equation. 

A = Q n 

B = Q n -i*Qn-2*-Q1'Q0*UP 
C = /Q n -l7Q n _2*.../Q17Q07UP 

Therefore the equation is expressed as: 

A = A:+:B 
+ A:+:C 

B and C are exclusive from each other, so the above equation 
could be summarized to: 

A = A:+:B+C 

then: 

Qn = Q n :+:(Q n -l -Q n -2*-Ql *Q0*UP) Eq.5.1 
+ (/Q n -l7Q n -2*.../Q17Q07UP) 

Using the solution discussed above, let's try to solve a design 
problem. 

Example 5.7: 

Design an n-bit counter that can count up, count down, SETand 
LOAD new values into the counter. SET overrides LOAD, count 
and hold. LOAD overrides count. Count is conditional on carry 
in, otherwise it holds. 

Solution: 

The above operations are exercised in the function table and 
summarized in the operations table. 
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Now using the operations table, we could start writing the equa- 
tions for our counter. We will try to generate a general equation 
that can be used for any bit in the counter. If we take the nth bit, 
we have D n as input and Q n as output. There are four operations 
that can happen for any given bit: LOAD, HOLD, SETand count 
up or count down. We load the new value in the counter's 
register if SET is OFF (/SET = H). So Q n is replaced by new D n 
value if (/SET = H, LOAD = H), the expression that will allow 
loading the new value will be /SET*LOAD7D n . In order to be 
able to HOLD the Q n value, we should have the following condi- 
tions: (SET = L, LOAD = L, C|N = L). So the expression for 
holding the old value is: 

/SET7LOAD7C| N *Q n 

There are two more functions for the counter: count up and count 
down. These two functions have been calculated in Eq. 6.1. 
Using this equation and the calculation forthe HOLD and LOAD 
cases, the final equation for the nth bit is calculated. 

Q n = /SET*LOAD*D n Eq. 5.2 

+ /SET7L0AD7Q n 
:+: /SET7LOAD*C| N *UP*Q0*Q1*...Q n -1 
+ /SET7LOAD*C| N 7UP7Q07Q1*.../Q n -1 
Using the above general equation, any large counter could be 



Monolithic FJJ Memories 



4-33 



■ 



L/HAL® Device Specificati 



PAL Device Applications 



PALASM® Software Syntax 



PLE Circuit Specifications 



| PLE Circuit 



Article Reprints 



Contents Section 5 



PALASM • Software Syntax 5-1 

Table of Contents for Section 5 5-2 

Introduction 5-3 

Structure of PAL Device Design Specifications 5-5 

Section 1: Declaration Section 5-6 

Section 2: Functional Description 5-8 

Section 3: Simulation 5-13 

Simulation Syntax Overview 5-14 

Details of the Simulation Syntax 5-14 




5-2 



Syntax PALASM2 Software 



PALASM2 Software 



Introduction 



PALASM2 software is a high-level language to describe implementation and simulation of logic designs. For every 
logic application a PAL device Design Specification (PDS) can be created using PALASM2 software syntax. This Pal 
device Design Specification consists of a set of functional equations and simulation commands. The functional equa- 
tions describe how the logic is to be implemented on PAL device and the simulation commands describe how the logic 
should behave after implementation. The detail of the syntax of the language will be described in later sections. 

The PAL device Design Specification is processed by the PALASM2 software compiler at the front end and an 
intermediate file is created. This intermediate file is then processed by various modules at the back end to accomplish 
various functions. At present MMI has developed an XPLOT generator which can generate the fuse patterns and the 
standard JEDEC file from PDS which can be downloaded to various programmers to program a PAL device. 

Also available is a SIMULATOR package which will exercise each simulation command in the PDS against the 
functional description to check for the functional validity of the design. The output of the SIMULATOR is a set of vectors 
which can be physically exercised against the programmed part. (At date of publication the SIMULATOR is an ALPNA 
version, check with your local FAE for current availability.) 



PDS Files 




PALASM2 Software Flow Chart 



Key Features: 



-Assembles PAL device Design Specifications. 
-Simulates and verifies the logic behavior. 
-Generates PAL device fuse patterns in JEDEC format. 
-Reports errors in syntax, assembly and simulation. 

-New structured logic description syntax models more complex PAL devices and permits compaction of 
descriptions. 

-String substitution allows concise mnemonic names for long frequently used logic expressions. 
-Powerful functional simulator accurately models asynchronous and mixed PAL architectures. 
-Structured high level language for describing test procedures, instead of long truth tables. 
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PALASM2 software supports PAL device assembly 

20-pin Devices: 



10H8 
12H6 
14H4 
16H2 
16L8 
16R4,6,8 



10L8 
12L6 
14L4 
16L2 
16P8 

16RP4,6,8 



10P8 
12P6 
14P4 
16P2 
16C1 



using these PAL devices: 



ZHAL20 



24-pin Devices: 

6L16 8L14 

12L10 12P10 14L8 14P8 

16L6 16P6 18L4 18P4 

20P2 20L2 20C1 

20L8.10 20X4,8,10 20R4,6,8 

20RA1 20S1 20P8E 20RS4,8,10 

MegaPAL: 



32R16 64R32 



NOTE: PALASM2 software does NOT support 16A4 and 16X4 PAL devices. 



Functional differences from PALASM1 software 

PALASM2 software is implemented quite differently than PALASM1 software. It is composed of several interacting 
programs coupled by disk files. The menu system (currently IBM-PC only) attempts to mask this somewhat, but floppy 
based files slow interaction. RAM or hard disks are prefered for production use. The principle benefit of the reorganiza- 
tion is the freedom from fixed limits within the design file. 



As mentioned, in the feature section, the syntax of PALASM2 software is significantly different from PALASM1 
sofstware. It allows description of asynchronous devices like the 20RA1 and devices of much higher complexity, like the 
MegaPAL devices. The syntax will be enhanced to include description capability for state machines and bus oriented 
logic elements. 

The logic simulator is a true event driven simulator, modeling both synchronous and asynchronous events accurately. 
Cross-coupled logic functions, asynchronous set and reset terms, and tri-state devices are all simulated correctly. The 
user need not be initially concerned with predicting all device outputs each timing cycle the simulator may be operated 
as a logic analyzer, capturing and displaying output behavior. Once the design is understood, specific output values 
may be sampled selectively, instead of viewing each output cycle. 

PALASM2 software also omits several features provided within PALASM1 software. They are fault coverage predic- 
tion for test vectors, documentation command, device signal/pinout display, support of security fuse and printing of logic 
equations for each product term in fuse plot. Some of these represent a change in philosophy, others will be provide in 
later versions of the program. 
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Structure of PAL Device Design Specifications 

This section gives an overview of the PAL device Design Specification (PDS). It explains the three sections of the 
PDS with regard to the layout of each section, the information to be provided in each section, and what function it serves 
in the design process. The detailed syntax and contents of each section will be discussed in the succeeding sections. 
Examples will be used to illustrate correct syntax along with common misconceptions. 



1 : Declaration Section 

—Customer Profile Information 
— Pin list Information 

2 : Functional Description 

— Reserved Words 

— Basic Operation 

—String Substitution 

—Combinatorial Equations 

—Registered Equations 

— Equations for special functions. 

— Boolean operators 

3 : Simulation Description 

— Simulation Directives 
—Structured Control Constructs 





This section is used to record information about the customer necessary for documentation and future reference the 
type of PAL device used, the signal names given to each pin of the device, and some predefined states and strings to be 
used in the design. This section must come before all the other sections of the PDS. Any signal name that is going to be 
used in the equations has to be declared first in this section. There is a customer profile information section for 
documentation and future reference purposes. 

Comments may be inserted freely, and begin with a semi-colon character — Any of the items described may be in 
lower or upper case all items are case-folded before processing. Line length maximum is 13 characters all beyond that 
are ignored. All control characters (including tabs) are treated as a single space. The maximum length of any legal 
statement or logic equation is 100 tokens (a token is either a pin name, a simulation command, a keyword or a logical 
operator). 

The declaration section has two parts. They are: 

— Customer Profile Information. 
— Pin list information. 

Example 



Customer 
Profile 



TITLE 

PATTERN 

REVISION 

AUTHOR 

COMPANY 

DATE 



This is an example to illustrate the syntax 

ABC1234 — MMI 

000-ABC1234 

Imtiyaz Bengali 

Monolithic Memories Inc. 

Dec. 5, 1984 



CHIP example— only 20RS10 

Pin 

List CLK ONE /TWO THREE SET RESET NC NC NC WRITE READ GND 

/OE OUT1 OUT2 NC NC NC /ACK /MMI NC NC MEMADR VCC 



Customer Profile Information SYNTAX 



keyword optional data 

TITLE <title of the design> 

PATTERN <pattern identification> 

REVISION <revision identification> 

AUTHOR <designer's name> 

COMPANY <company name> 

DATE <date of creation> 



NOTE: 

— The keywords should appear in the format described in the table above one to a line. You may put optional data on 
the lines following the keywords it will be retained to annotate your fuseplot and simulation files. Warning messages 
will be generated if the keywords are omitted you may still generate fuseplot and simulation results. 

—Each item can be any alphanumeric text including spaces, tabs and underscores. Only the first 2 characters are 
used additional characters present are ignored. Do not use any of these special characters: 

!@#$% - &-()-=+((D":;"<>?,. 

(The software does not specifically check for usage of these characters within these lines.) 
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CHIP <chip name> <PAL type> <pin list> 

■ 

CHIP 

CHIP is the keyword which is neccessary to start the pin list information, 
chip name 

<chip name> can be any alphanumeric word (except a reserved word or a PAL type) and is a required identifier. 
It should follow the same conventions for syntax as a pin name. 

The <chip name> name has to be provided before the <PAL type> field is specified. 

PAL type 

<PAL type> is the part number of any supported PAL device manufactured by MMI. 
All PAL devices with different speed/power options are given the same generic name. 

For example PAL16R8, PAL16R8A, PAL16R8A2, PAL16R8A4, and PAL16R8B all have the same generic name 
PAL16R8. 

n list 

<pin list> is a list of signal names to be assigned to the pins of the device. 

The length of signal names cannot exceed 14 characters. At least one of these characters must be a letter the 
remainder may be letters, numbers, or underscores. 

For example: 1, 2, 3, ... is an illegal pin list, but p1, p2, p3, ... or 1p, 2p, 3p, ... are legal pin lists. 

The signal can be specified as active-low or active-high. Active low signals are preceded by (/A is an active-low signal). 

Signal names are separated by spaces or commas. 

Special pins of the device (like the power and ground pins) are assigned special names. The power pin is assigned VCC 
and the ground pin is assigned GND. These names should come at the appropriate places in the pin list. For example in 
PAL20R pin number 2 is VCC and pin number 1 is GND. If any pin is not used, it must be specified as NC (noconnect). 

Pins are listed in the order expected for DIP (dual inline package), reguardless of whether the user is planning to 
eventually program DIP, LCC or Chip Carrier devices. Any pin reording for other packages must be done by the 
programmer or other special fixture. The PAL64R3 device pinout is specified for 84 pin package. 

Symbols not to be used in defining signal names in pin list: 

ANY NON ALPHA NUMERIC CHARACTERS !@#$%"&*()-= +{}[]":;"<>?,. (/ can be used for active low signals ) 

Only numbers, letters and the underscore character may be used to create a pin name. 
Do not use reserved words or PAL device types as signal name. 
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Section 2: Functional Description 

All the implementation details of an application are given in this part of the PDS using boolean equations. The 
information provided in this section is used to generate the locations of the fuses to be blown during programming of the 
part. Depending on the type of outputs, one can use a combinatorial equation identified by = or a registered equation 
identified by ':='. Also many outputs, such as the PAL20RA10, have special programmable functions associated with 
them functional equations can be used with these. The following lists different ways of specifying a function: 



SYNTAX 



EQUATIONS ; keyword marking the begining of ; functional description. 
<signal> = Function ( <signal>, <operator>) 

<signal> := Function (<signal>,<operator>) 

<signal>.<sfunc> = Function (<signal>,<operator>) 



<signal> is the name of a pin from the pin list 
<operator> /,*,+,:+: 

<sfunc> is a special function associated with the output signal. 

Certain PAL devices such as the PAL20RA1 have programmable functions for registers the Clock function (CLKF), 
the Set function (SETF), the Reset function (RSTF) and the Tristate function (TRST). These functions are represented 
by special equations using the keyword of the special function to suffex the signal name, for example: 

out.CLKF = A * B 

This means that product term A B controls the Clock function of the output OUT. 
Reserved Words 

TITLE PATTERN REVISION AUTHOR COMPANY DATE 
CHIP EQUATIONS SIMULATION STRING DO 

SETF RSTF CLKF TRST PRLD CLOCKF GENERATE WHILE FOR IF 
THEN ELSE BEGIN END VCC GND NC 

Note: All PAL types are also reserved words. 
Basic Operators 

The basic operators are defined to perform INVERT, AND, OR, and EXCLUSIVE-OR operations. These basic 
operators can be used to describe any logic function on the right side of the equation. 

/ —INVERT operator 

This operation is used whenever a signal has to be inverted. It preceeds the signal to be inverted. 
For example: /A means "not a" 

* — AND operator 

This operation is used when ANDing two or more boolean variables. The operation of ANDing of all 
the signals result in a product term. For example A/BC means "A AND (NOT B) AND C" 

+ —OR operator 

This operator is used when ORing two or more product terms and/or signals. For example: A + /C 
means "A OR (NOT C)" 

: + : —EXCLUSIVE-OR operator 

This operator is used when EXCLUSIVE-ORing two or more product terms and/or signals. For 
example: A :+: E means "A EXCLUSIVE-OR E" 

With these basic logical operators, one can write logic equations for almost any application. The most useful form of 
the equations will be in the sum-of-products form it is the only currently supported form. True logic expansion and 
simplification will be supported in future versions of the PALASM software system. The following sections will illustrate 
the use of all these operators, except for the XOR. Operator precedence is in the order listed /,*,+,:+ 
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String Substitution 

In many applications it is possible that a certain expression or part of it is repeated many times. To eliminate repetition 
of typing the same text again, one can declare that text with a shorter word using string substitution. Then instead of the 
full text one can use the word used to identify the text. String substitution is textual replacement and the compiler does 
not try to find any logical meaning to it. Hence the user should be very specific in what he wants to substitute. 

STRING <string name> '<text to be substituted> 

STRING is a keyword and every string substitution should start with the key word STRING. 

<string name> is any user defined name of up to I alphanumeric characters. The name has to be unique. This means 
that the name should not be a reserved word, one of signal names defined in the pin list, or one of the string names used 
elsewhere. 

<text to be substituted> is any legal expression and should be specified within single quotes. The length of the text to 
be substituted is not limited to one line it may be made up of several lines. There is no fixed length to any single string 
memory is allocated as necessary to store each. Each part of it must follow the syntax rules of the pin name identifiers 
and be delimited by blanks or tabs. 

The compiler does one to one substitution of the string name with the text to be substituted. It does not try to find the 
meaning of an expression after substitution. 

Currently a maximum of 2 unique strings may be used within any design file. 

Ex. 1 : STRING LOAD ' LD * /CIN ' 

STRING CARRY ' /LD * /SET * /SET * CUP ' 

STRING INPUT 1 A1 + /A2 + A3 ' 

One can also use previously defined string names in the string declaration. For example 

STRING OUTPUT 'LOAD * CARRY' 

The user has to be very careful when using substitution for the final meaning. For example consider Ex I. 

If in the equation section there is an occurrence of INPUT then an expression like /Al /A A will result after substitution 
and not /(Al /A A3) as the user most probably would expect. If the later meaning is what the user wants, the string 
definition should be: 

STRING INPUT '(A1 + /A2 + A3) ' 
(This logic expansion is currently not supported in PALASM2) 

NOTE: 

Once again I want to stress that the user has to be careful of the logical correctness of the final expression after 
substitution. 

Each substitution string should be separated from other characters by at least one blank or tab wherever they are 
used. For example 

A1 := LOAD • /A3 + A1 

not: 

A1 :=LOADVA3 + A1 

All substitution strings must be declared after the pin list and before the functional description. 
Comments are NOT allowed within the single quotes defining the string. 
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output = <product term> + <product term> + ... 
<product term> = ==>> <signal> *... 
<signal> *. <signal> = = = >> /identifier identifier, 
identifier = = = >> declared pin name 





The combinatorial equation is identified by the operator '='. The signal on the left side of the '= sign is the output for 
which the equation is described. This output signal can be active-high (output) or active-low (/output). 

For PAL devices with programmable polarity, the polarity fuse is blown or left intact according to the polarities given to 
the left side of the equation and those used in the pin list when they are the same, the fuse is blown when they differ the 
fuse is left intact. For example: 

CHIP POLARITY— EXAMPLE PAL16P8 ABCD/E/Fncnc nc GND 
Y /Z W /V NC NC NC NIC NC VCC 

EQUATIONS 

Y = A * B + /C * D 
/Z = E * F + /F * /E 
/W=E 

V = /f 

In this example, equations for outputs for Y and Z have the same polarity as they are described in the pin list. In 
programmable-polarity parts (PAL16P8), the polarity fuse is blown. If this is an active-low part (PAL16L8), then it is an 



The outputs W and V have polarity reversed from that specified in the pin list. The polarity fuse is left intact. 

The programmable-polarity feature allows the user to describe the function in either active-low or active-high state. 
The user does not have to transform the function using De Morgan's theorem. 



Registered Equation 



This section will discuss the syntax of registered equations. These equations are described for outputs with a a 
register. For example: Each output of PAL16R8 is a registered output. 



output := <product term> + <produc term> + ... 

<product term> = = = >> <signal> *... 

<signal> * . <signal> ===>> /identifier identifier. 



The registered equation is identified by the operator ':='. 

The signal on the left side of the ':= sign is the output for which the equation is described. 

The clock to the register is the special clock pin depending on the PAL type, (example PAL16R has pin number as the 
clock pin), or the clock is generated by a special product term described in a CLKF functional equation on the 20RA1 0. 

The transition at the output of the register takes place on the rising edge of the clock. 

This output signal can be active-high (output) or active-low (/output). 



Syntax PALASM2 Software 



For programmable polarity parts, the polarity fuse is blown or left intact according to the polarity given to the left side of 
the equation and that used in the pin list when they are the same, the fuse is blown, when they differ the fuse is left 
intact. For example: 



CHIP POLARITY— EXAMPLE PAL16RP8 
CLK A B C D /E /F nc nc GND 
Y/ZW/VNCNCNCNC NC VCC 

EQUATIONS 



Y = A * B + /C * D 
/Z = E*F + /F*/E 
/W = E 

V = /f 

In this example, equations for outputs for Y and Z have the same polarity as they are specified in the pin list. In 
programmable polarity parts (like PAL1 6RP8), the polarity fuse is blown. If this is an active low part (PAL1 6R8), then this 
is an error. 

The outputs W and V have polarity reversed from that specified in the pin list. The polarity fuse is left intact. 

The programmable polarity feature allows the user to describe the function in either active-low or active-high state. 
The user does not have to transform the function using De Morgan's theorem. 

Functional Equations 

In some PAL devices, the outputs have special functions which are controlled by a programmable product term. For 
example in PAL16L8, the tri-state function is controlled by a product term. 

In the PAL20RA1 device, every registered output has four programmable functions, which are: 

1) programmable clock function 

2) programmable set function 

3) programmable reset 

4) programmable tri-state 

In order to describe the functions to be implemented in the PAL device, functional equations are used. Order of 
appearance in a PAL device design specification is not significant for functional equations. These functional equations 
have the following syntax. 



output.sfunc = <product term> 



The left side of the equation identifies the function for the output defined by the right side of the equation. The following 
keywords are to be used to identify the functions: 

CLKF for programmable clock function. 

SETF for programmable set function. 

RSTF for programmable reset function. 

TRST for programmable tri-state function. 

The following default conditions apply: 

CLKF —the default condition is that all the fuses are left intact i.e. it is connected to GND. 

SETF —If the output is defined as combinatorial, default value is VCC. 
If the output is defined as registered, default value is GND. 

RSTF —If the output is defined as combinatorial, the default value is VCC. 
If the output is defined as registered, the default value is GND. 

TRST — The default value is VCC. 
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Here are some details of these functions and their default conditions. 
Default for SETF and RSTF 

In PAL20RA1 0, it is always possible to bypass the register by having the SET and RESET product terms high. There 
are two ways of doing this. One way is to be explicit as follows: 

OUT := A + IB + D * E ; Output defined as registered OUTSETF = VCC OUT. RSTF = VCC OUT.CLKF = GND The 
other way is to be implicit as follows: 

OUT = A + IB + D * E ; Output defined as combinatorial 

In the implicit case, the program XPLOT will take care of the default conditions for SETF, RSTF and CLKF 

Default for registered output 

functions. Again, he can be explicit as follows: 



In some cases, the user might not want to use the SET and 

OUT := A + IB 
OUTSETF = GND 
OUT.RSTF = GND 
OUT.CLKF = CLK 

or he can be implicit as follows: 
OUT := A + IB 
OUT.CLKF = CLK 

The program XPLOT will take care of the default conditions and program the appropriate fuses. 
Default for TRST 

The default for the tri-state function is VCC. This can be specified explicitly as follows: 

OUT := A + B 
OUT.CLKF = CLK 
OUT.TRST = VCC. 

or implicity by not specifying the tri-state function, the XPLOT program will blow all the fuses. 

Default for CLKF 

If the clock function is not defined, all the fuses are left intact. 

If the output is defined as a registered output, the CLKF MUST BE DEFINED. Otherwise, XPLOT will give an error. 
You can define it as GND if you do not want to use it but it must be defined. 

If the output is defined as combinatorial, then it is redundant to define the CLKF. XPLOT will give an error if it is 
defined. 

Polarity 

The user must remember that the polarity fuse is located in front of the register and hence effects the inversion of the 
data path. The data path is the output of the OR gate through polarity fuse and into the register. It does not effect the set 
or reset function of the output. 

If no output equation is defined, the polarity fuse is left intact. 
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Section 3: Simulation 

Simulation is a very important part of any design cycle. After the user has defined the logic in terms of equations, it is 
neccessary to be able to verify that the equations do implement the required function. The basic feature of any 
simulation is the ability to give a set of inputs to the design and be able to check the outputs for correctness. This ability 
to give values to inputs and observe the outputs is crucial to any simulation language. 



Logic Simulation can be described using 
— SETF, CLOCKF, TRACE— ON, TRACE— OFF, and CHECK commands. 
—FOR loop to iterate a set of commands a fixed number of times. 
—WHILE <condition> DO loop also to iterate a set of commands till the condition is false. 

—IF <condition> THEN ELSE for conditional branching. 



PALASM2 software has an 'Event Driven Simulator supporting all the different PAL device architectures, both 
asynchronous and synchronous. The program is so designed that internal events generated by asynchro- 
nous/synchronous feedbacks and external events generated by the user are simulated in a very realistic way. Oscil- 
latory conditions are also detected and reported to the user. Conflict in the expected and the actual value of any signal is 
an error which is detected by the simulator and reported to the user. The simulation continues from that point using the 
actual value of the signal. 

The PALASM2 software language has simulation commands which are 'English like words thereby making the 
simulation specification very natural to read and understand. There are facilities for iterative looping, conditional 
branching, setting of signals, checking of signal values, and selective observation of signals. All these commands will 
be explained in the following paragraphs. 

All the simulation results are stored in two files, a history file (<filename>.HST) and a trace file (<filename>.TRF). 
/ file has the values of all the signals from the start of simulation to the end. The trace file has the values of the 
s mentioned in the TRACE— ON statement and only up to the next TRACE—OFF statement. 

The simulation results are organized in a horizontal format resembling a timing diagram. Each page contains 4 
vectors, a maximum of 51 vectors are allowed with this release of the simulator. Corresponding to each SETF and 
CLOCKF statement in the simulation a g or 'c appears on the horizontal axis in the result files. A CLOCKF statement 
causes the clock to go L to H to L. The 'c appears over the final L. This helps the user to identify the vector 
corresponding to SETF or CLOCKF statement. 
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The basic philosophy of the simulation language is to make'u e"asyTOr tne designer 10 uesunoe me iumuuum hi a 
natural way so that it is easy to comprehend the behavior of the design from the simulation specification. PALASM 
simulation language is divided into two sections Directives and Structured Control. The simulation directives provide 
commands to establish circuit inputs, clock waveforms, check for circuit outputs and capture time response waveforms 
as desired by the user. 



The simulation section is introduced by the keyword SIMULATION. 
Simulation Directives— Syntax: 



SETF 
CLOCKF 
CHECK 
TRACE— ON 
TRACE— OFF 



<signal list> 
<clock signals> 
<signal list> 
<signal list> 



Structured Control constructs — Syntax: 



FOR l:= <lower limit> TO <upper limit> DO 
BEGIN <statements> END 



WHILE <condition> DO 

BEGIN <statements> END 



IF <condition> THEN 

BEGIN <statements> END 

ELSE 

BEGIN <statements> END 

The structured control constructs are used to build up sequences of operations that repeat or are modified as a result 
of particular logic values or conditions. They provide the basic looping and decision branching of structured high-level 
programming languages. <condition> is a boolean expression or a mathematical equality. The condition is true if the 
boolean expression is asserted or the mathematical equality is satisfied. 

Details of the Simulation Syntax: 

Each of the individual statements will be described, along with some related items necessary for their proper usage. 
SETF statement 



SETF <signal list> 

Ex. SETF A /OE B /RESET /DO D1 D2 



The signal is set high (H) if it is not preceded by otherwise it is set low (L). In the above example A B D and D are all set 
to H and OE, RESET, and D are all set to L. 

The signal should only be set if a change is wanted from the previous value. The simulator always remembers the last 
value of all the signals. At the start of simulation all signals are assumed to have don't care value (X). 

Every time a SETF statement is executed, a vector is generated and all the equations that are effected are evaluated. 
Any internally generated events are also detected and evaluated. Depending upon the activity, many more vectors can 
be generated by a single SETF statement because of feedbacks and asynchronous events. The simulator continues 
this till the system stabilizes, that is, until there are no more changes in the output signals or no events are generated. If 
the system fails to stabilise after 1 iterations, then an oscillatory condition is detected and the simulation halts. 
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CLOCKF statement 



CLOCKF <list of clock signals> 
Ex. CLOCKF CLK1 CLK2 



The CLOCKF statement has the list of clock signals (dedicated clock pins) to which a clock pulse is to be applied. Only 
the clock pins of the device can be used in the CLOCKF statement, any other pin is an illegal signal for CLOCKF 
statement. 



Each CLOCKF statement corresponds to a pulse going from low to high to low. Thus two vectors are generated in the 
proccess and during the positive edge transition, the new value of the registers which are clocked is transfered to the 
output. No action takes place for the registers that are not clocked. 

At every CLOCKF statement, internally generated events and asynchronous events are detected and if present, 
more vectors are generated. The operation of CLOCKF is similair to that of SETF statement except that it goes through 
a pulse rather than a level. 

CHECK statement 

CHECK <signal list> 
EX. CHECK Q /Q /Q 



This is a facility provided to the user to keep track of the simulation results. The signals in the check statement are the 
output signals which the user wants to check. In the above example, the user wants to check if Q is high and Q and Q 
are low. Again a signal without is to be checked high and the signal with is to be checked for low. 

Whenever a CHECK statement is executed, the simulator compares the actual value and the expected value of a 
particular signal. If they are equal then no action is taken. Otherwise, an error is reported and the simulator continues 
assuming the actual value. The error is reported by . in the vector at the place of the error and also the vector number. 
The history and trace files will contain the . at the particular location. 

This is a powerful statement that should be used at important points in your simulation for debugging your design. 

TRACE — ON statement 

TRACE-ON <signal list> 

Ex. TRACE— ON /OE SET RESET DO D1 D2 D3 /QO /Q1 /Q2 



This statement contains the list of signals which have to be listed in the trace file. The signals will be listed in the same 
order and with the same polarity as present in the TRACE — ON statement. This list of signals will be active until the next 
TRACE — OFF statement or untill the end of the simulation specification. New signals can be traced on after the 
TRACE— OFF statement. 

This statement helps the user to group the signals more naturally for debugging purposes. For example, all control 
signals can be grouped together, then all the data signals can be grouped together, and then all the output signals can 
rouped together. This makes the observation of the results in the trace file very easy. 

TRACE— OFF statement 



TRACE— OFF 



This statement traces off all the signals mentioned in the latest TRACE — ON statement. After this statement, no more 
results are added to the trace file until the next TRACE — ON statement is executed. Thus all the results between the 
current TRACE — OFF statement and the next TRACE — ON statement are not displayed in the trace file. 

This feature helps to break up the results in different time frames which are critical for debugging purposes, rather 
than having unwanted results. It should be remembered that the history file contains all the information from the start of 
the simulation to the end of simulation. The signals are in the same order and of the same polarity as mentioned in the 
pin list of the CHIP statement. 
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FOR loop 

FOR <index var> := <lower limit> TO <upper limit> DO 
BEGIN 

<statements> 
... 

END 

Ex. FOR J:= 3 to 8 DO BEGIN 
SETF A IB CLOCKF elk 
IF J= 5 THEN BEGIN CHECK QO END 
ELSE BEGIN CHECK /QO END 

END 

The FOR loop provides a repetitive execution of statements which is very powerful. Many statements can be 
embedded in a FOR loop even another FOR statement with a different indexing variable. Using this statement one can 
generate many vectors by just increasing the limits of the for loop. 

The <lower limit> should be less than or equal to the upper limit. All the limit values should be gi 
to zero. You can not use negative values for the limits. The loop is not executed if the conditions expn 
are equal. 




IF THEN ELSE 



or IF >cond< THEN 
BEGIN BEGIN 
<Statements> <Statements> 
END END 



ELSE 
BEGIN 

<Statements> 
END 



There are two variations of this statement. In the first usage, there is an ELSE clause and in the second usage there is 
no ELSE clause. If the <condition> is true the THEN clause is exectuted otherwise the ELSE clause is executed. If 
there is no ELSE clause, then the simulation executes the next statement after the IF statement. Condition expressions 
can not contain nested parenthesis. 

The <condition> can be any mathematical equality; 

(=, >, <, > = , <>), for example: 

IF (l<2) THEN 

The <condition> also be any boolean expression, for example: 
I THEN 

In the first example the condition of I less than is checked and in the second example the expression (DRDY /CLR) is 
evaluated and if it is true then the condition is true. 

WHILE loop: 

WHILE <condition> DO 

BEGIN <statements> END 

The WHILE loop provides a repetetive execution of statements which may be controled by evaluation of logic 
conditions present within the PAL device. Many statements can be embedded in a WHILE loop including even other 
looping constructs. The WHILE loop is used to itterate a set of commands until the condition is false. 

The <condition> can be any boolean expression of logic signals. 
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An Introduction to 
Programmable Logic Elements 



A logic function, whether combinatorial or sequential, may be 
represented in Sum of Product (SOP) form by using De Morgan's 
lawand Boolean Algebra. Any complex multi-level logic function 
can easily be reduced to a two-level AND-OR configuration. This 
property of logic functions lends a very regular character, 
making it possibleto implementthem in a structured methodical 



way. The uniform AND-OR array-like architecture of Program- 
mable Logic Devices was conceived for a clean and efficient 
implementation of these functions, as shown in Figure 1. 

Either or both of the arrays can be programmable, constituting 
three distinct families of devices as shown in Figure 2. 



— »- OUTPUTS 



Figure 1. Structure of Programmable Logic Devices 
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PLE Device Architecture 

The array like structure of a PROM lends itself naturally to being 
viewed as a two-level AND-OR logic circuit. The inputs to the 
PROM are fully decoded into all possible combinations in the fixed 
AND plane. Each combination (product term) isf use connected 
to each output in the programmable OR plane. 

For a PLE device, a product term is equivalent to an AND gate 
equal in size to the number of inputs. Each output is equivalent to 
an OR gate connected to all the AND gates. Programming a fuse 



then implies 
OR gate. 

Thus a PROM has a convenient structure for implementing 
combinatorial logic when a large number of input combinations 
are required, or a large number of product terms per output is 
desired. Registered PROMs are ideally suited for implementing 
complex sequential machines which contain a large number of 
variables in the state equations. 
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In terms of a Karnaugh map. each minterm in the map 
corresponds to one product term in the PLE array. Two or more 
adjacent minterms cannot be be combined to generate a prime 
implicant. or eliminate a logic hazard. For example, the following 
Karnaugh map will generate the function f = ab + ab. The 
minimized function f = a as indicated by the dotted prime implicant 
can not be implemented. The PLE device does not contain a 
product term with fewer than all its inputs present. 

The absence of prime implicants in a PLE array may cause logic 



hazards which may be unavoidable in asynchronous control 
systems. However these hazards are masked out in sychronous 
control systems by the registers, and are largely irrelevant in data 
path applications where only the final steady state results are 
looked at. Indeed, most applications of PLE devices are in 
synchronous control systems to replace random logic. In the 
data paths, they are used to generate complex functions like ALU 
operations, high-speed multiplication, Pseudo Random Number 
sequences, Error Detection codes, etc. 
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Figure 6. An Arbitrary Two-Variable Karnaugh Map for a PLE Device 
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PLAs have the most general architecture with both arrays pro- 
grammable. For N inputs, M outputs, and P product terms in a 
PLA, the AND array contains 2 x N x P programmable crosspoint 
connections. All possible combinations of the inputs, taken to- 
gether, or in groups, or even a single input, can have a product 
term in the AND array. The inputs not desired in a product term 
are disconnected, by removing the corresponding crosspoint 
connection. In field programmable PLAs, this corresponds to 
electrically blowing a fusible link connection. These PLAs also 
usually contain less product terms than the maximum possible 
2 n , to conserve chip area. 



outputs, but may be disconnected by blowing that fuse connec- 
tion. This architecture is used for implementing logic functions 
with a large number of product terms of varying sizes, or a large 
number of product terms per output. 

Field-programmable PLAs are generally not very-high perfor- 
mance. They are slower in speed compared to PAL and PLE 
devices. A given signal must pass through two large program- 
mable arrays, which increases the capacitance on the signal, 
and increases the delay. For most applications, a large number 
of crosspoints in one or another array are usually left intact, 
making the architectural flexibility redundant. 
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Figure 7. Stnicture of FPLA 
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PAL® Architecture 

PAL devices are the most useful and efficient of the fuse pro- 
grammable logic family. First developed and patented by 
Monolithic Memories in 1976. the PAL devices have become well 
known for their friendliness in system configurations. The 
programmable AND array and fixed OR array eliminate most of 
the redundancies associated with PLAs. The PAL AND array is 
logically identical to a PLA AND array, with the only difference 
that PAL devices have fewer product terms. In the fixed OR 
array, each product term is connected to only one output or OR 



gate, which eliminates product term sharing of PLAs. The PAL 
device configuration has permitted several architectural innova- 
tions, making the PAL circuit family of devices extremely useful 
for implementing all kinds of logic functions. PAL device features 
include outputs with/without registers that are internally fed 
back to the AND array, special XOR gates in the OR array, 
arithmetic carry generate gates in the feedback path in the AND 
array, programmable I/O pins, and programmable output 
polarity. New generation PAL devices also have the feature of 
product term sharing where a product term can be attached to 
one of two adjacent sum terms. 
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As the PAL AND array is programmable, logic functions can be 
nimized and logic hazards removed, by combining adjacent 
minterms in a Karnaugh map. This group of minterms or 
implicants is implemented as a product term. Thus PAL device 
outputs can be designed to be glitch-free, and ideal for imple- 
menting control logic. Figure 10 illustrates the absence of 
hazards and race conditions in a PAL device. 



INPUT LINE NUMBER 



The limitation of PAL device is that they have a restricted number 
of product terms per output, and fewer product terms in general. 
Certain logic functions containing a large number of product 
terms would require a large number of PAL devices to implement 
them, which increases the propagation delay and the chip count. 
For these applications, PLE devices are ideal. 
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Figure 10. An Arbitrary Two- Variable Karnaugh Map lor a PAL Device 
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PLE and PAL Devices 

PLE devices bridge the gap between the flexibility of PLAs, and 
the product term restrictions in PAL devices. Those applications 
for which PAL devices are not suitable, PLE devices take over. 
Where a PAL device typically has a large number of inputs, and a 
small number of product terms, the PLE devices have a 
restricted number of inputs and a large number of product 
terms. Also, it has a large number of product terms per output 
with full product term sharing, whereas PAL devices have a 
restricted number of product terms per output with no product 
term sharing. Thus PAL and PLE devices complement each 
other both structurally and functionally. 

PLE Device Features 

• 2 n product terms per output are available with n inputs each. 

• Programmable output polarity. 

• Programmable initialization in registered PLE devices. 

• High-level functional specification of PLE systems in terms of 
logic equations. 

• Input-to-output delays comparable to discrete logic gates 
(typically less than 15 ns). 

• PNP inputs provide high impedance. 

• Monolithic Memories' TiW fusible-link technology and ad- 
vanced self-aligned washed-emitter bipolar process c 
tees a programming yield greater than 98%. 



PLE Circuit Family 

The PLE circuit family of devices is an extension of Monolithic 
Memories' TiW PROM family. The entire line of TiW PROMs 
including the Registered parts are available in PLE circuit 
configurations. High speed and diagnostic versions in military 
and commercial temperature ranges are available. 



CAD Tool for PLE Designs 

PLEASM software is a PLE Assembler written in FORTRAN 77 
and available on most mini- and microcomputer systems. It 
enables specifying PLE Circuit data in terms of logic equations 
(like those in Figure 14), which are assembled into a fuse-pattern 
format compatible with commercially available PROM pro- 
grammers. PLEASM software also generates a truth table from 
the logic equations which is later used as test vectors for logic 
simulation and verification. PLEASM allows complete design 
customization and documentation of PLE systems in a simple 
high-level functional language. 
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Control Path Example 

A common application of PLE devices in the control path of a 
synchronous system, is to replace random logic, or customize 
logic functions. An n-input exclusive OR function is quite 
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commonly required in comparator ano aaaer circuits, u contains 
2 n_1 product terms, which increases exponentially with n. 
Therefore, it is very efficient to implement large XOR functions in 
PLE devices. Figure 11 shows the implementation of a 4-input 
XOR in a PLE circuit. 
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Figure 11. Four-Input XOR Function Implemented In a PLE Device. Maximum Delay is 15 nsec 
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Data Path Example 

In the data path, a registered PLE device can be used to 
implement complex functions, like a Pseudo Random Number 
(PRN) Generator. RPN sequences are useful in encoding and 
decoding of information in signal processing and communication 
systems. They are used for data encryption in secure commu- 
nication links, and error detection and correction codes in data 
communication systems. PRN sequences are also utilized as 
test vectors for circuit simulation, as signal modulators in radar 
range-finding systems, and as reference white noise in many 



signal processing applications. Figure 12 illustrates a typical 
mechanism for generating PRN sequences. 

The advantage of using PLE devices for implementing PRN 
sequences is that any polynomial can be quickly customized in it. 
I n data encryption systems where the code is frequently changed 
for protection from unauthorized access, PLE devices can be 
used to generate a new code each time, or several codes can be 
implemented in the same device. An example of a PRN generator 
implemented in a Registered PLE device is shown in Figure 13. 



S(n-1) S(n-2) S(n-3) 



So 



f(S0,S1 Sn-!) 



Figure 12. An n-Stage Linear Feedback Shift Register (LFSR) 
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Figure 13. A Three-Stage Pseudo Random Number Generator Implemented in a Registered PLE Device 
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Parallel CRC in Registered PLE Devices 

Implementing a high-speed M-bit Parallel Cyclic Redundancy 
Check (CRC) code in a registered PLE circuit is almost trivial. 
Once the M-bit carry look-ahead equations are determined, 
PLEASM software is used to assemble these equations into a 
fuse pattern for the Registered PLE device. 

The speed of operation of parallel CRC implemented in regis- 
tered PLE devices will remain the same for any generator poly- 
nomial and M. Increasing complexity of the carry look-ahead 
equations only increases the number of devices required to 
implement them. It does not decrease the speed of operation. 



To illustrate with a practical example, Figure 14 shows the 8-bit 
carry look-ahead equations for an 8-bit Parallel implementation 
of the following generator polynomial: 

G (X)= X 16 + X 12 + X 5 + 1 

also called the CRC-CCITT standard. These equations are 
derived in Application Note AN-1 25, where an implementation in 
four PAL devices is also shown with a maximum delay of 90 nsec. 
Figure 16 shows an implementation in three 24-pin registered 
PLE devices and one SSI part. The maximum delay is 50 nsec. 
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Figure 14. Carry Look-Ahead Equations for 8-Bit Parallel CRC with G(X). The Equations 
are Paritioned into Three Parts for Efficient Implementation in Three Chips. 
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Features/ Benefits 

• Programmable replacement for conventional TTL logic 
Reduces IC inventories and simplifies their control 
Expedites and simplifies prototyping and board layout 

• Saves space with 0.3 inch SKINNYDIP- packages 

• Programmed on standard PROM programmers 

• Test and simulation made simple with PLEASM software 

• Low-current PNP inputs 

• Three-state outputs 

• Reliable TiW fuses guarantee >98% programming yield 



Ordering Information 

PLE5P8 A C N SHRP 



J 



PROGRAMMABLE- 
LOGIC 
ELEMENT 

NUMBER OF INPUTS- 
OUTPUT TYPE 

P = Non registered 
R = Registered 
RA = Registered 
asynchronous 
enable 
RS = Registered 
synchronous 
enable 
NUMBER OF OUTPUTS- 
PERFORMANCE 



Blank = Standard 

A ■ 



OPTIONAL PROCESSING 
SHRP - Reliability 
Enhanced 
883B = Mil-Std-883 
Method 5004 
and 5005 
Level B 

—PACKAGE 

N = Plastic dip 
NS = SKINNYDIP plastic 

J = Ceramic dip 
JS = SKINNYDIP ceramic 
F a Flat Pack 
L = Leadless chip carrier 
NL = Plastic leaded chip 

carrier 
W = Cerpak 
-TEMPERATURE RANGE 
C a 0°Cto + 75°C 
M = -55°Cto * 125°C 
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PLE Device Family 



PLE Device Means Programmable 
Logic Element 

Joining the world of IdeaLogic'" is a new generation of high- 
speed PROMs which the designer can use as logic elements. 
The combination of PLE devices with PAL devices can greatly 
enhance system speed while providing almost unlimited design 
freedom. 

Basically, a PLE circuit is ideal when a large number of product 
terms is required; on the other hand, a PAL circuit is best suited 
for situations when many inputs are needed. 

The PLE circuit transfer function is the familiar OR of products. 
Like PAL circuits, a PLE circuit has a single array of fusible links. 
Unlike PAL circuits, PLE circuits have a programmable OR array 
driven by a fixed AND array (a PAL device is a programmed AND 
array driving a fixed OR array). 

PRODUCT TERMS AND INPUT LINES 



Product Terms 
Input Lines 



PLE PAL 

32 to 4096 1 to16 
5 to 12 6 to 64 



The PLE device family features common electrical parameters 
and programming algorithms, low-current PNP inputs, full 
Schottky clamping and three-state outputs. 

The entire PLE device family is programmed on conventional 
PROM programmers with the appropriate personality cards and 
socket adapters. 



Registered PLE Devices 

The registered PLE devices have on-chip "D" type registers, 
versatile output enable control through synchronous and 
asynchronous enable inputs and flexible start-up sequencing 
through programmable initialization. 

Data is transferred into the output registers on the rising edge of 
the c lock. Provided that the asynchronous (E) and synchronous 
(ES) enables are Low, the data will appear at the outputs. Prior to 
the positive clock edge, register data are not affected by changes 
in addressing or synchronous enable inputs. 

Data control is made flexible with synchronous and asynchro- 
nous enable inputs. Outputs may be set to_the high-impedance 
state at any time by setting E to a High or if ES is High when the 
rising clock edge occurs. When Vqq power is first applied the 
synchronous enable flip-flop will be in the set condition causing 
the outputs to be in the high-impedance state. 

A flexible initialization feature allows start-up and time-out 
sequencing with 1 :1 6 programmable words to be loaded into the 
output registers. With the synchronous INITALIZE(IS) pin Low, 
one of the 1 6 initialize words, addressed through pins 5, 6, 7 and 
8 will be set in the output registers independent of all other input 
pins. The unprogrammed state of IS words are Low, presenting 
a CLEAR with IS pin Low. With all IS_column words (A3-A0) 
programmed to the same pattern, the IS function will be inde- 
pendent of both row and column addressing and may be used as 
a single pin control. With all IS words programmed High a 
PRESET function is performed. 

PLE9R8 has asynchronous PRESET and CLEAR functions. 
With the chip enabled, a Low on the PR inp ut w ill cause all 
outputs to be set to the High state. When the CLR input is set 
Low the output registers are rese t and all outputs will be set to 
the Low state. The PR and CLR functions are common to all 
output registers and independent of all other data input states. 





AND 


OR 


OUTPUT OPTIONS 


PLE 


Fixed 


Prog 


TS, Registered Outputs, 
Fusible Polarity 


FPLA 


Prog 


Prog 


TS, OC, Fusible Polarity 


FPGA 


Prog 


Prog 


TS, OC, Fusible Polarity 


FPLS 


Prog 


Prog 


TS, Registered Feedback I/O 


PAL 


Prog 


Fixed 


TS, Registered Feedback I/O 
Fusible Polarity 



r/ej 



7-5 



PLE Device Family 



PLEASM Software 

Software that makes programmable logic easy. 

Monolithic Memories has developed a software tool to assist in 
designing and programming PROMs as PLE devices. This 
package called "PLEASM" software (PLE Assembler) is available 
for several computers including the VAX/VMS and IBM PC/DOS. 
PLEASM software converts design equations (Boolean and 



arithmetic) into truth tables and formats compatible with PROM 
programmers. A simulator is also provided to testa design using 
a Function Table before actually programming the PLE chip. 

PLEASM software may be requested through the Monolithic 
Memories IdeaLogic Exchange. 
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Absolute Maximum Ratings 

Supply voltage Vqq 

Input voltage 

Off-state output voltage 

Storage temperature 



Operating 

. .. -0.5 V to 7 V 12 V 

. .. -1.5 V to 7 V 7 V 

. . -0.5 V to 5.5 V 12 V 

.-65° to+150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


v C c 


Supply voltage 


4.75 5 5.25 


4.5 5 5.5 


V 




Operating free-air temperature 


25 75 


-55 25 125 


°c 



Electrical CI 



SYMBOL 


PARAMETER 


TEST CONDITION 


MIN TYPt MAX 


UNIT 


V|L 


Low-level input voltage 


Guaranteed input logical low voltage for all inputs** 


0.8 




V 


V|H 


High-level input voltage 


Guaranteed input logical high voltage for all inputs** 


2.0 


V 


V IC 


Input clamp voltage 


V cc = MIN 


l| = -18 mA 




-0.8 


-1.5 


V 


9R8,10R8,11RA/RS 




-1.2 








V| = 0.4 V 


-0.02 


-0.25 


mA 


he 


Low-level input current 


V cc = MAX 


in 


High-level input current 


Vqq = MAX 


V| = v cc 


40 


juA 










Com 


0.3 


45 




Vm 


Low-level output voltage 


V cc = MIN 


16 mA 


11P8,12P8,9R8, 
10R8.11RA/RS8,Mil 


0.3 


0.5 


V 


VOH 


High-level output voltage 


V CC = MIN 


Com l OH = 


-3.2 mA 


2.4 2.9 


V 


Mil Iqh = - 


2 mA 


'OZL 


Off-state output current 


Vcc = MAX 


Vq = 0.4 V 


-40 


ma 


'OZH 


V Q = 2.4 V 


40 


'OS 


Output short-circuit current* 


V CC = 5 V 


Vq = V 


-20 -50 


-90 


mA 








5P8 


90 


125 










5P8A 


90 


125 










8PA 


80 


130 










8P8 


90 


140 










9P4 


90 


130 










9P8 


104 


155 








Vcc = MAX 


10P4 




95 


140 




'cc 


Supply current 


All inputs TTL; 


10P8 


92 


170 


mA 






all outputs open 


11P4 


110 


150 










11P8 


135 


185 










12P4 


130 


175 










12P8 


150 


190 










9R8 


130 


180 










10R8 


130 


180 










11RA8 


140 


185 










11RS8 


140 


185 





f Vertical at 5.0 V V cc and 25° C T A . 

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
* * VIL and VIM limits are absolute with respect to the device ground pints) and include all overshoots due to test equipment noise. 
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PLE Device Family 



Switching Characteristics Over Military Operating Conditions 



— 




DEVICE TYPE 


t PD (ns) 
PROPAGATION DELAY 
MAX 


IPZX AND t pxz (ns) 
INPUT TO OUTPUT 
ENABLE/DISABLE TIME 
MAX 




5P8M 


35 


30 












8P4M 


40 


30 




8P8M 


40 


30 




9P4M 


45 


30 




9P8M 


40 


30 




10P4M 


50 


30 




10P8M 


45 


30 


11P4M 


50 


30 


11P8M 


50 


30 




12P4M 


50 


30 




12P8M 


50 


35 


Switching Characteristics Over Commercial Operating Conditions 




DEVICE TYPE 


tpo (ns) 
PROPAGATION DELAY 
MAX 


«PZX AND >PXZ (ns) 
INPUT TO OUTPUT 
ENABLE/DISABLE TIME 
MAX 




5P8AC 




15 


20 




5P8C 


25 


20 




8P4C 


30 






8P8C 


28 


25 




9P4C 




35 


20 




9P8C 


30 


25 




10P4C 


35 


25 




10P8C 


35 


25 




11P4C 


35 


25 




11P8C 


35 


25 




12P4C 


35 


25 




12P8C 


40 


30 
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PLE9R8 



Operating Conditions 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


t w 


Width of clock (High or Low) 


20 


10 


20 


10 


ns 


fprw 


Width of preset or clear 




20 


10 


20 


10 


ns 


*clrw 


(Low) to Output (High or Low) 




l prr 


Recovery from preset or clear 




20 


11 


25 


11 


ns 


tclrr 


(Low) to clock High 




•su 


Setup time from input to clock 


30 


22 


35 


22 


ns 


t s (ES) 


Setup time from ES to clock 


10 


7 


15 


7 


ns 


<h 


Hold time from input to clock 





-5 





-5 


ns 


<h (ES) 


Hold time from ES to clock 


5 


-3 


5 


-3 


ns 



Switching Characteristics Over Operating Conditions and using Standard Test Load 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


*CLK 


Clock to output delay 


11 


15 


11 


20 


ns 


l PR 


Preset to output delay 


15 


25 


15 


25 


ns 


l CLR 


Clear to output delay 


18 


25 


18 


35 


ns 


tp ZX (CLK) 


Clock to output enable time 


14 


25 


14 


30 


ns 


tp XZ (CLK) 


Clock to output disable time 


14 


25 


14 


30 


ns 


*PZX 


Input to output enable time 


10 


20 


10 


25 


ns 


l PXZ 


Input to output disable time 


10 


20 


10 


25 


ns 



Typical at 5.0 V V cc and 25° C T A . 
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Definition of 



PLE9R8 



Waveforms 



Input 



>«i -»+«-lh n» 



ES 



t h ES 



t h (ES) 



" 'clrw " 



f 



CLK 



w 

" 'clri 



'PXZ 
(CLK) 



X 



'PZX 
(CLK) 

-0.5 V 



•PXZ 



|-«-ipzx-»-| 



-0.5 V / A 



v 0L * 0.5 v 



NOTES: 1. Input pulse amplitude V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1 .5 V level. 

4. Switch S-| is closed. Cl = 30 pF and outputs measured at 1 .5 V level for all tests except tpxz and tp^x- 

5 - *P2X and *PZX{CLK) are measured at the 1 .5 V output level with C|_ = 30 pF. Si is open for high impedance to "1 " test and closed for 
high impedance to "'0" test. 

tpxz and tpxz(CLK) are tested with Cl = 5 pF. S-\ is open for '■I - ' to high impedance test, measured at Vqh -0 5 v output level; 
Si is closed for "0" to high impedance test measured at Vql*° 5 v output level. 
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PLE 1 0R8, 1 1 RA8, 1 1 RS8 



Operating Conditions 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


tw 


Width of clock (High or Low) 


20 


10 


20 


10 


ns 


«su 


Setup time from input to clock (10R8) 


30 


25 


40 


25 


ns 


«su 


Setup time from input to clock (1 1 RA8, 1 1 RS8) 


35 


28 


40 


28 


ns 


t s (ES) 


Setup time from ES to clock 
1 _ 


15 


7 


15 


7 


ns 


t s (IS) 


Setup time from IS to clock 


25 


20 


30 


20 


ns 


«h 


Hold time input to clock 





-5 





-5 


ns 


<h (ES) 


Hold time (ES) 


5 


-3 


5 


-3 


ns 


>h(is) 


Hold time (IS) 





-5 





-5 


ns 



Switching Characteristics Over Operating Conditions and using Standard Test Load 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP* MAX 


MILITARY 
MIN TYP* MAX 


UNIT 


l CLK 


Clock to output delay 


10 


15 


10 


20 


ns 


t pzx (CLK) 


Clock to output enable time 


17 


25 


17 


30 


ns 


t PXZ (CLK) 


Clock to output disable time 


17 


25 


17 


30 


ns 


l PZX 


Input to output enable time 


17 


25 


17 


30 


ns 


l PXZ 


Input to output disable time 


17 


25 


17 


30 


ns 



Typical at 5.0 V V cc and 25° C T A . 



Definition of Waveforms 



' t S (ES) l S (ES) 



— ts(^) 
<h<ISK 



<h(ES) 



if 



LK »-| 



'PXZ- 
1CLK) 



5t 



r 



- 'PZX- 
(CLK) 



-a 



'CLK- 



- 'PXZ - 



-'pzx - 



X 



-VOH-0.5V 



■vol 



NOTES: t. Input pulse amplitude V to 3.0 V. 

2. Input rise and fall times 2-5 ns from 0.8 V to 2.0 V. 

3. Input access measured at the 1 .5 V level. 

4. Switch Si is closed. C\_ - 30 pF and outputs measured at 1.5 V level for all tests except tp^x and tpxz. 

5. t PZX and t PZX (CLK) are measured at the 1 .5 V output level with C[_ = 30 pF. is open for high impedance to "1" test and closed for 
high impedance to "0" test. 

l PXZ and l PXZ(CLK) are tested with Cl = 5 pF. Si is open for "1" to high impedance test, measured at Vqh" 5 v output level; 
Si is closed for "0" to high impedance test measured at Vq l *0.5 V outpul level. 
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PLE Device Family 



Switching Test Load 




Definition of Timing Diagram 



WAVEFORM 



DONT CARE; 
CHANGE PERMITTED 



NOT 

APPLICABLE 



CHANGING; 
STATE UNKNOWN 



CENTER LINE IS 

HIGH IMPEDANCE STATE 



MUST BE STEADY WILL BE STEADY 



Definition of Waveforms 



-'ER- 



-«-lEA 

'OH "O S V 



V 0L +0.5 V 



NOTES: Apply to electrical and switching characteristics 
Typical at 5.0 V V cc and 25° C T A . 

Measurements are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system and/or tester noise. 
In all PLE devices unused inputs must be tied to either ground otVqq. The series resistor required for unused inputs on standard TTL is NOT required for 
PLE devices, thus using less parts. 

•Not more than on output should be shorted at a time and duration of the short-circuit should not exceed one second. 

1. For commercial operating range R-| = 200(1. H 2 = 390(1. For military operating range R-| = 300(1. R 2 ■ 60011. 

2. Input pulse amplitude V to 3.0 V. 

3. Input rise and fall times 2-5 ns from 0.8 to 2.0 V. 

4. Input access measured at the 1.5 V level. 

5. Data delay is tested with switch St closed. C L = 30 pF and measured at 1 .5 V output level. 

6. tpzx is measured at the 1.5 V output level with C L = 30 pF. St is open for high-impedance to "1" test and closed for high-impedance to "0" test, 
tpxz is measured Cl = 5 pF. St is open for "1 " to high-impedance test, measured at Voh -0 5 v output level; St is closed for "0" to high-impedance 
test measured at Vql ♦ 5 V output level. 
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PLE™ Device Family 
Programming Instructions 



Device Description 

All of the members of the PLE device family are manufactured 
with all outputs LOW in all storage locations To produce a HIGH 
as a particular word, a Titanium-Tungsten Fusible-Link must be 
changed from a low resistance to a high resistance. This 
procedure is called programming. 

Programming Description 

To program a particular bit normal TTL levels are applied to all 
inputs. Programming occurs when: 

1. Vqq is raised to an elevated level. 

2. The output to be programmed is raised to an elevated level. 

3. The device is enabled. 

In order to avoid misprogramming the PLE device only one 
output at a time is to be programmed. Outputs not being 
programmed should be connected to Vqq via 5 Kn resistors. 

Unless specified, Inputs should be at VIL. 

Programming Sequence 

The sequence of programming conditions is critical and must 
occur in the following order: 



1 . Select the appropriate address with chip disabled 

2. Increase V cc to programming voltage 

3. Increase appropriate output voltage to programming voltage 

4. Enable chip for programming pulse width 

5. Decrease Vqut and V CC t0 normal levels 

Programming Timing 

In order to insure the proper sequence, a delay of 100 ns or 
greater must be allowed between steps. The enabling pulse 
must not occur less than 100 ns after the output voltage reaches 
programming level. The rise time of the voltage on Vqq and the 
output must be between 1 and 10 V//iS. 

Verification 

After each programming pulse verification of the programmed 
bit should be made with both low and high Vqq. The loading of 
the output is not critical and any loading within the DC specifica- 
tions of the part is satisfactory. 

Additional Pulses 

Up to 10 programming pulses should be applied until verifica- 
tion indicates that the bit has programmed. Following verifica- 
tion, apply five additional programming pulses to the bit being 
programmed. 



Programming Parameters Do not test these parameters or you may program the device 



SYMBOL 


PARAMETER 


MIN 


RECOMMENDED 
VALUE 


MAX 


UNIT 


V CCP 


Required Vqq for programming 


11.5 


11.75 


12.0 


V 


v p 


Required output voltage for programming 


10.5 


11.0 


11.5 


V 


*R 


Rise time of Vqq or Vqut 


1.0 


5.0 


10.0 


V/ M S 


'CCP 


Current limit of Vqqp supply 


800 


1200 




mA 


'op 


Current limit of Vgp supply 


15 


20 




mA 


t pw 


Programming pulse width (enabled) 


9 


10 


11 


MS 


vcc 


Low Vqq for verification 


4.2 


4.3 


4.4 


V 


v cc 


High Vqq for verification 


5.8 


6.0 


6.2 


V 


MDC 


Maximum duty cycle of Vqqp 




25 


25 


% 


tD 


Delay time between programming steps 


100 


120 




ns 


V|L 


Input low level 








0.5 


V 


V|H 


Input high level 


2.4 


3.0 


5.5 


V 
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ADDRESS 



V CC 



Vlll 
VlL 
VCCP 



V C CV- 



3UTPUT 



VOP 
VON, 
VOL 1 
V|H 
V,U 
V|H 
VlL- 





Programming Equipment and Software Suppliers 



Monolithic Memories' PLE devices are designed and tested to 
givea programming yield greater than 98%. If your programming 
yield is lower, check your programmer. It may not be properly 
calibrated. 

Programming is final manufacturing — it must be quality- 
controlled. Equipment must be calibrated as a regular 



routine, ideally under the actual conditions of use. Each time a 
new board or a new programming module is inserted, the 
whole system should be checked. Both timing and voltages 
must meet published specifications for the device. 



Remember — 
unreliable by 



PROGRAMMERS 

Data I/O Corp. 

10525 Willows Rd. N.E. 
Redmond, WA 98073-9746 
(800) 426-1045 

Kontron Electronics, Inc. 
Digeieclnc." 

586 Weddell Dr. 
Suite 1, 

Sunnyvale, CA 94089 
(408) 745-0722 



Stag Microsystems Inc. 

528-5 Weddell Dr. 
Sunnyvale, CA 94089 
(408) 745-1991 

Varix Corp. 

1910 F Hamnhpll Rrl No 100 



The best PLE devices available can be made 
improper programming techniques. 

SOFTWARE 

PLEASM 

Monolithic Memories 
IdeaLogic Exchange 

2175 Mission College Blvd. M/S 09-07 
Santa Clara, CA 95054 
(408) 970-9700 x. 6085 

Redmond, WA 98073-9746 
(800) 426-1045 

CUPL 

Assisted Technology 
2381 Zanker Rd. No. 150 
San Jose, CA 95131 
(408) 942-8787 



Block Diagrams 
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PLE Device Family 



Block Diagrams 
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Block Diagrams 
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A6 






3 


A5 






4 


M 




A3 


5 , 


A2 


6 


A1 


7 


AO 


B 
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ROW 
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PROGRAMMABLE 
ARRAY 



1 OF 16 
COLUMN 
DECODER 





u u u u u 
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OF 16 MULTIPLEXER 
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ROW 
DECODER 
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1 OF 16 


i 

) — — 


COLUMN 
DECODER 



=> 







1:16 


I I 
MULTIPLEXER 












I I 







CLK 



I t i t I 



8 BIT EDGE-TRIGGERED 
REGISTER 



\9 h 1 ^3 H4 h5 h6 h 7 
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A9- 
A8- 
A7 - 
A6 - 
A5- 
A4 - 



22 




23 




1 


1 OF 64 


2 


ROW 


3 


DECODER 


4 





=> 



— 20 
•IS — — 



A3 
A2 
A1 
AO 



1 OF 16 
COLUMN 
DECODER 








64X128 










PROGRAMMABLE 










ARRAY 






16 PROGRAMMABLE INITIALIZE WORDS 








1:16 MULTIPLEXER 

WW 






t 












8 BIT EDGE-TRIGGERED 




> 




REGISTER 







^9 HlO hlHr3h4 hsHlB h7 
01 02 0.3 04 05 06 07 OS 



PLE11RS8 



A10 
A9 
A8 
A7 
A6 

* 5 4 
A4 i 



1 OF 128 
ROW 
DECODER 



128 X 128 
PROGRAMMABLE 
ARRAY 



A3- 
A2- 
A1 - 
AO- 



1 OF 16 
COLUMN 
DECODER 



CLK 1 -?> 




16 PROGRAMMABLE INITIALIZE WORDS 








1 1 1 

1:16 MULTIPLEXER 
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> 


1 


BIT EDGE-TRIGGERED 
REGISTER 
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PLE Device Family 



Monolithic Memories PLE Device Programmer Reference Chart 



Source and 
Location 


Data I/O 

10525 Willow Rd. N.E. 
Redmond, WA 98073 


Kontron Electronics 
630 Price Ave. 
Redwood City, CA 94063 


Stag Microsystems 
528 Weddell Dr., Suite 1 
Sunnyvale, CA 94089 


Digelec 

586-1 Weddell Dr. 
Sunnyvale, CA 94089 


Varix - Suite 100 
1210 E. Campbell Rd. 
Richardson, TX 75081 


Programmer 
Model(s) 


Model 19/29 
Model 22 


Model MPP-80S 


Model PPX 
Model PP17 


UP803 


OMNI 


MMI 

Generic Bipolar 
PROM 
Personality 
Module 


UniPak Rev 08 
UniPakll Rev 05 
(Not all PLEs are 
supported by earlier 
UniPak revisions) 


MOD4 




FAM Mod. No. 12 




Socket Adapter(s) 
and Device Code 


PLE5P8/ 
PLESP8A 


F18 P02 
Model 22A- 
Adapter 351A-064 


SA3 


AM110-2 
Code 21 


DA No. 2 Pinout 1A 
Switch 0-6 


63S081 


PLE8P4 


F18 P01 
Model 22A- 
Adapter 351A-064 


SA4-2 


AM130-2 
Code 21 


DA No. 2 Pinout 1B 
Switch 0-6 


63S141 


PLE9P4 


r 1 o rUo 

Model 22A- 
Adapter351A-064 


SA4-1 


AMI JU-o 

Code 21 


UM (NO. i rinoui 1U 
Switch 2-14 




rLtoro 


rib rUo 










PLE10P4 


F18 P05 
Model 22A- 
Adapter351A-064 


SA4 


AM140-2 
Code 21 


DA No. 3 Pinout 1E 
Switch 0-6 


63S441 


PLE9P8 


F18 P09 










PLE9R8 


F18 P65f 
Model 22A- 
Adapter 351A-074 


SA31-2 


t 


Pinout 1Hf 
Switch 5-14 


t 


PLE10P8 


F18 P16 




MFR29 
CODE 32 
Model PPZ 






PLE11P4 


F18 P06 
Model 22A- 
Adapter351A-064 


SA4-4 


AM140-3 
Code 21 


DA No. Pinout 1L 
Switch 5-14 


63S841 


PLE10R8 


F18 P86f 
Model 22A- 
Adapter 351A-074 
(300 mil pkg) 




t 


DA No. 64f 
Switch 0-12 


t 


PLE12P4 


F18 P53 
Model 22A- 
Adapter351A-064 


SA20 


AM120-6 
Code 21 


DA No. 70f 
Switch 4-12 


63S1641 


PLE11RA8 
PLE11RS8 


F18 PA3 


t 


t 


t 


t 


PLE11P8 


F18 P21 


SA5-4 


AM 100-5 
Code 21 


t 


63S1681 


PLE12P8 


F18P63 


t 


t 


DA No. 64 Pinout 47 
Switch 0-4 


t 



t — Contact manufacturer for availability and programming information 
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Random Logic Replacement 



Random Logic Replacement 

PROMs, as logic elements, have been providing solutions as 
replacements of random logic. This is the concept of PROM as a 
Programmable Logic Element (PLE) device. 

The usages of PLE devices include simple multiplexer/demulti- 
plexer/encoder/decoder, control signal generators, data com- 
munications support like CRC, and arithmetic elements like 
ALUs, multipliers, sine and inverse look-up tables, and applica- 
tions in signal processing. 

The advantages of PLE devices over SSI/MSI logic devices are 
the flexibility of design and the fast turnaround time which non- 
programmable devices cannot offer. For example, if a decoder is 
used to select between memory pages and I/O ports, once a 
design is done, it will be fixed — it not easy to find a part to be put 
just in the same place without modification of PC board layout in 
case the designer wants to expand the memory or to increase the 
I/O. For a PLE device, what is needed is to program another PLE 
device and place it in the same socket where the old part was 
placed. In addition, it can allow designers to define their logic 
functions in a component. 

The AND-OR planar structure of the PLE circuit array lends itself 
naturally to being viewed as a two-level logic circuit. The fixed 
AND plane contains all possible combinations of the literals of 
its inputs. Each combination (product term) is fuse-connected 
to each output in the programmable OR plane. 

A common PLE device application in the control path is to 
customize logic functions. An n input exclusive OR function is 
quite commonly required in comparator and adder circuits. It 
contains 2 n " 1 product terms, which becomes quite large for 
large values of n. Therefore, it is very convenient to implement 
large XOR functions in PLE devices. 

The PLE logic circuit implementation of a 4-input XOR is shown 
below. 



Although it seems that XOR functions may be replaced by SSIs, 
in most applications, the XOR functions will not be alone by 
themselves, PLE circuits can provide the flexibility of adding in 
additional functions without using additional packages. 

In the data path, a PLE device can be used to implement complex 
functions such as a Pseudo Random Number (PRN) Generator. 
Random number sequences are useful in encoding and 
decoding of information in signal processing and communica- 
tions systems. They are used for data encryption, image 
quantization, waveform synchronization, and white noise gen- 
eration, etc. 

There are many techniques for generating PRN sequences. The 
most common technique, however, is to use n' stages of linear 
shift registers with feedback through a logic function. The 
function f is an arbitrary function chosen for a specific applic- 
ation. A most general linear function is an 'm' input XOR (m < n). 



L rvj - 1 _'''zzri 

1 II >— D Q ... D Q ' 

d q a / 



r-> ° 



r-> 5 



There are a number of examples in the following session which 
shows how a PLE device can be used to replace SSI/MSI logic 
devices using PLEASM software. 
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PLE5P8 
P5000 

BASIC GATES 

MMI SANTA CLARA, CALIFORNIA 

. ADD 10 II 12 13 14 

.DAT 01 02 03 04 05 06 07 08 



PLE CIRCUIT DESIGN SPECIFICATION 
VINCENT COLI 10/03/83 



01 = 10 



; BUFFER 



02 = /IO 



; INVERTER 



03 = 10 * II * 12 * 13 * 14 ; AND GATE 




04 = 10 + II + 12 + 13 + 14 ; OR GATE 



05 = /IO + /II + /I2 + /I3 + /I4 ; NAND GATE 




-04 




06 = /IO * /II * /I2 * /I3 * /I4 ; NOR GATE 



07 = 10 :+: II :+: 12 :+: 13 :+: 14 ; EXCLUSIVE OR GATE 





08 = 10 :*: II :*: 12 :*: 13 :*: 14 ; EXCLUSIVE NOR GATE 



io- 
ii - 

12- 



-08 



Random Logic 



BASIC GATES (cont'd) 
FUNCTION TABLE 

10 II 12 13 14 01 02 03 04 05 06 07 08 



; INPUT - - OUTPUTS FROM BASIC GATES - - 

; 01234 BUF INV AND OR NAND NOR XOR XNOR COMMENTS 



LLLLL 


L 


H 


L 


L 


H 


H 


L 


L 


ALL ZEROS 


HHHHH 


H 


L 


H 


H 


L 


L 


H 


H 


ALL ONES 


HLHLH 


H 


L 


L 


H 


H 


L 


H 


H 


ODD CHECKERBOARD 


LHLHL 


L 


H 


L 


H 


H 


L 


L 


L 


EVEN CHECKERBOARD 



DESCRIPTION 

THIS EXAMPLE ILLUSTRATES THE USE OF PLE DEVICES TO IMPLEMENT THE 
BASIC GATES: BUFFER, INVERTER, AND GATE, OR GATE, NAND GATE, NOR 
GATE, EXCLUSIVE OR GATE, AND EXCLUSIVE NOR GATE. 

NOTE ALSO THAT THREE-STATE OUTPUTS ARE PROVIDED WITH ONE ACTIVE LOW 
OUTPUT ENABLE CONTROL (/E) . 



PLEASM SOFTWARE GENERATES THE PROM TRUTH TABLE FROM THE LOGIC 
EQUATIONS AND SIMULATES THE FUNCTION TABLE IN THE LOGIC EQUATIONS. 

BASIC 
GATES 



PLE5P8 



01 [7 

02 Q 

03 ^ 

04 f7 



05^ 

oeQ 

07 Q 
3ND[T 



[7 



AND 
OR 
GATE 
ARRAY 



TTJ VCC 
is] ¥ 

17] 14 
uj 13 

n\ 12 
ij] n 

Jjo, 



P5001 

MEMORY ADDRESS DECODER 

MMI SANTA CLARA, CALIFORNIA 

.ADD All A12 A13 A14 A15 /MREQ 

.DAT /CE1 /CE2 /CE3 /CE4 /CE5 /CE6 /CE7 /CE8 



J£i ^- A -i- — -> ->- * — - 



ULRIK MUELLER 05/01/84 



CE1 = /All*/A12*/A13*/A14*/A15* MREQ 
CE2 = All*/A12*/A13*/A14*/A15* MREQ 
CE3 = /All* A12*/A13*/A14*/A15* MREQ 
CE4 = All* A12*/A13*/A14*/A15* MREQ 
CE5 = /All*/A12* A13*/A14*/A15* MREQ 
CE6 = All*/A12* A13*/A14*/A15* MREQ 
CE7 = /All* A12* A13*/A14*/A15* MREQ 
CE8 = All* A12* A13*/A14*/A15* MREQ 



; SELECTS 

; SELECTS 

; SELECTS 

; SELECTS 

; SELECTS 

; SELECTS 

; SELECTS 

• SELECTS 



ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 



RANGE 0K-2K 
RANGE 2K-4K 
RANGE 4K-6K 
RANGE 6K-8K 
RANGE 8K-10K 
RANGE 10K-12K 
RANGE 12K-14K 
RANGE 14K-16K 



FUNCTION TABLE 



All A12 A13 A14 A15 /MREQ /CE1 /CE2 /CE3 /CE4 /CE5 /CE6 /CE7 /CE8 

CHIP ENABLES 



ADD LINES 
11111 





12345 


/MREQ 


12345678 


COMMENTS 








LLLLL 


L 


LHHHHHHH 


SELECT ADDRESS 


RANGE 


0-2K 




HLLLL 


L 


HLHHHHHH 


SELECT ADDRESS 


RANGE 


2K-4K 




LHLLL 


L 


HHLHHHHH 


SELECT ADDRESS 


RANGE 


4K-6K 




HHLLL 


L 


HHHLHHHH 


SELECT ADDRESS 


RANGE 


6K-8K 




LLHLL 


L 


HHHHLHHH 


SELECT ADDRESS 


RANGE 


8K-10K 




HLHLL 


L 


HHHHHLHH 


SELECT ADDRESS 


RANGE 


10K-12K 




LHHLL 


L 


HHHHHHLH 


SELECT ADDRESS 


RANGE 


12K-14K 




HHHLL 


L 


HHHHHHHL 


SELECT ADDRESS 


RANGE 


14K-16K 




xxxxx 


H 


HHHHHHHH 


NO MEMORY SELECT (/MREQ=H) 



RSREQ- 



MEMORY 
ADDRESS 
DECODER 



- CE1 
- CE2 
- CE3 
- CE4 
-CE5 
- CE6 
- CE7 
-CE8 



EIGHT 
ACTIVE 
LOW 
CHIP 
ENABLES 



Random Logic 



MEMORY ADDRESS DECODER (cont'd) 
DESCRIPTION 



THIS PLE8P8 PROVIDES A SINGLE CHIP ADDRESS DECODER FOR USE WITH MANY POPULAR 
8-BIT MICROPROCESSORS SUCH AS THE Z80 AND 8080. THE FIVE MSB ADDRESS LINES 
(A11-A15) AND THE MEMORY REQUEST LINE (/MREQ) FROM THE Z80 MICROPROCESSOR ARE 
DECODED TO PRODUCE EIGHT ACTIVE LOW CHIP ENABLES (/CE1-/CE8) TO SELECT A RANGE 
OF 2K BYTES FROM A BANK OF EIGHT 2Kx8 STATIC RAMS. THIS BANK OF STATIC RAMS 
WILL OCCUPY THE LOWEST 16K BYTES OF ADDRESS SPACE LEAVING THE UPPER 48K BYTE 
SPACE AVAILABLE FOR OTHER MEMORIES AND I/O. THE PLE8P8 HAS THREE ADDITIONAL 
INPUTS WHICH CAN BE RESERVED FOR FUTURE SYSTEM EXPANSION. 



CE1 



CE2 



CE3 



CE5 



CHIP ENABLE 
ADORES 
MAP 



OK 

2K 

4K 

6K 

8K 

10K 

12K 

14K 

16K 



MEMORY ADDRESS 
DECODER 
PLE8P8 




20] 


vcc 




UNUSED 


3 


UNUSED 


III 


MREQ 


1 


E2 


E 


El 


E 


CE8 


1 


CE7 



12] CE6 

n] cis 




Random Logic 



PLE8P4 
P5029 

6809 ADDRESS DECODER 

MMI SANTA CLARA, CALIFORNIA 

.ADD A8 A9 A10 All A12 A13 A14 A15 

. DAT /DRAM /IO /SRAM /PROM 



PLE CIRCUIT DESIGN SPECIFICATION 
VINCENT COLI 10/13/84 



DRAM = /A8* 



A12* A13*/A14* A15 ; SELECTS ADDRESS RANGE 0000-BEFF 
A12* A13*/A14* A15 



+ /A9* 

+ /A10* A12* A13*/A14* A15 

+ /All* A12* A13*/A14* A15 

+ /A12* /A14 

+ /A13*/A14 

+ /A15 

IO = A8* A9* A10* All* A12* A13*/A14* A15 ; SELECTS ADDRESS RANGE BF00-BFFF 

SRAM = /A13* A14* A15 ; SELECTS ADDRESS RANGE C000-DFFF 

PROM = A13* A14* A15 ; SELECTS ADDRESS RANGE E000-FFFF 



FUNCTION TABLE 

A8 A9 A10 All A12 A13 A14 A15 /DRAM /IO /SRAM /PROM 

; ADDRESS LINES 
: 11 1111 



8901 


2345 


/DRAM 


/IO 


/SRAM 


/PROM 


COMMENTS 






LLLL 


LLLL 


L 


H 


H 


H 


00XX HEX 


SELECTS 


DRAMS 


LLLL 


HHLH 


L 


H 


H 


H 


BOXX HEX 


SELECTS 


DRAMS 


HHHH 


HHLH 


H 


L 


H 


H 


BFXX HEX 


SELECTS 


I/O PORTS 


LLLL 


LLHH 


H 


H 


L 


H 


CO XX HEX 


SELECTS 


SRAM 


LLLL 


HLHH 


H 


H 


L 


H 


DO XX HEX 


SELECTS 


SRAM 


LLLL 


LHHH 


H 


H 


H 


L 


EOXX HEX 


SELECTS 


PROM 


HHHH 


HHHH 


H 


H 


H 


L 


FFXX HEX 


SELECTS 


PROM 



DESCRIPTION 

THIS PLE8P4 PROVIDES A SINGLE CHIP ADDRESS DECODER FOR USE WITH MANY POPULAR 
8-BIT MICROPROCESSORS SUCH AS THE MOTOROLA 6809. THIS PLE DEVICE DECODES THE 
EIGHT MSB ADDRESS LINES (A8-A15) FROM THE MICROPROCESSOR TO PROVIDE FOUR ACTIVE 
LOW CHIP ENABLES (/DRAM, /IO, /SRAM, AND /PROM) . 

THE 64K MEMORY MAP OF THE SYSTEM IS DIVIDED UP INTO FOUR SECTIONS: DRAM, IO 
PORTS, SRAM, AND PROM. EACH OF THESE FOUR SECTIONS CAN CONTAIN ONE OR MORE 
BLOCKS OF MEMORY. EACH OF THESE BLOCKS CAN START AND STOP ON ANY 256 BIT 
BOUNDARY 
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Block Diagram 



6809 Address Decoder 
PLE8P4 





E1 E2 



System Diagram 



Memory Map 



ADDRESS BUS 




CE 




CE 




CE 




CE 


DRAM 




SRAM 




PROM 




I/O 
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PLE8P8 PLE CIRCUIT DESIGN SPECIFICATION 

5002 JOEL ROSENBERG 10/26/83 

6-BIT TRD E/COMPLEMENT AND CLEAR/ SET LOGIC FUNCTIONS 
SANTA CLARA, CALIFORNIA 
II 12 Dl D2 D3 D4 D5 D6 
Yl Y2 Y3 Y4 Y5 Y6 



Yl 



= /I1*/I2*/D1 
+ /II* 12* Dl 
+ Il*/I2 



OUTPUT /Dl 
OUTPUT Dl 
CLEAR Yl 



(INVERT) 
(TRUE) 



Y2 



= /Il*/I2*/D2 
+ /II* 12* D2 
+ Il*/I2 



OUTPUT /D2 
OUTPUT D2 
CLEAR Y2 



( INVERT) 
(TRUE) 



Y3 



Y4 



Y5 



Y6 



« /Il*/I2*/D3 
+ /II* 12* D3 
+ Il*/I2 

= /Il*/I2*/D4 
+ /II* 12* D4 
+ Il*/I2 

= /Il*/I2*/D5 
+ /II* 12* D5 
+ Il*/I2 

= /Il*/I2*/D6 
+ /II* 12* D6 
+ Il*/I2 



; OUTPUT /D3 (INVERT) 

• OUTPUT D3 (TRUE) 
; CLEAR Y3 

; OUTPUT /D4 (INVERT) 

• OUTPUT D4 (TRUE) 
; CLEAR Y4 

; OUTPUT /D5 (INVERT) 

• OUTPUT D5 (TRUE) 
; CLEAR Y5 

; OUTPUT /D6 (INVERT) 

; OUTPUT D6 (TRUE) 

; CLEAR Y6 



FUNCTION TABLE 

II 12 Dl D2 D3 D4 D5 D6 Yl Y2 Y3 Y4 Y5 Y6 



j CONTROL 
; LINES 



INPUT D 
123456 



OUTPUT Y 
123456 



LL 
LH 
HL 



COMMENTS 



LHLHLH HLHLHL INVERT FUNCTION 

LHLHLH LHLHLH TRUE FUNCTION 

XXXXXX HHHHHH CLEAR FUNCTION 

XXXXXX LLLLLL SET FUNCTION 



TRUE/COMPLEMENT 

AND CLEAR/SET 
LOGIC FUNCTIONS 



TT 



SELECT 1 : 4 
FUNCTIONS 



Q 

E1 E2 



Random Logic 



TRUE/COMPLEMENT AND CLEAR/SET (cont'd) 
DESCRIPTION 

THIS PLE8P8 IS A 6-BIT TRUE/COMPLEMENT AND CLEAR/SET LOGIC FUNCTIONS. THE 
CONTROL LINES (II AND 12) SELECT ONE OF FOUR LOGIC FUNCTIONS FOR THE 6-BIT 
INPUT DATA (D1-D6) AND THE 6-BIT OUTPUT FUNCTION (Y1-Y6) . 

WHEN II IS FALSE (Il=LOW) THE FUNCTION IS INVERT IF 12 IS FALSE (I2=LOW) OR 
TRUE IF 12 IS TRUE (I2=HIGH) . 

WHEN II IS TRUE (I1=HIGH) THE FUNCTION IS CLEAR IF 12 IS FALSE (I2=LOW) OR SET 
IF 12 IS TRUE (I2-HIGH). 

THE PLE8P8 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE LOW OUTPUT ENABLE 
CONTROLS (/El AND /E2) . 



11 


12 


D1-D6 


Y1-Y6 


FUNCTION 


L 


L 


D 


A> 


INVERT 


L 


H 


D 


D 


TRUE 


H 


L 


X 


H 


CLEAR 


H 


H 


X 


L 


SET 



6-BIT TRUE/COMPLEMENT 
ZERO/ONE LOGIC FUNCTIONS 



PLE8P8 



12 ^ 



D1 



E 

D2 ^ 
D3 [T 

Y1 ^ -<J^- 
Y2^ -t- 
Y3 

Y4^ -t- 
GND pO 



AND 

OR 
GATE 
ARRAY 



2o] vcc 

D6 

]3] D5 

77] D4 

3« 

L II] E1 
Y8 

Y7 
Y6 

hU ]7J Y5 
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5P8 PLE CIRCUIT DESIGN SPECIFICATION 

P5003 FRANK LEE 04/15/84 

EXPANDABLE 3-TO-8 DEMULTIPLEXER 
MMI SANTA CLARA, CALIFORNIA 
.ADD SO SI S2 DI PO 



.DA 



,T Y0 Yl Y2 Y3 Y4 Y5 Y6 Y7 



Yfi 




ir\J 


* 


TIT 


* 




* 


/CI 




/ ou 


• ACTIVE 


HIGH 






+ 


/PO 




DI 














• TV r ,r PT \rc 

, AC 1 1 VCj 




1J J. liNrtO.Llvrj 




+ 


/PO 






* 


S2 










; ACTIVE 


LOW, 


SELECT 4-7 




+ 


/PO 










* 


SI 






; ACTIVE 


LOW, 


SELECT 2,3,6,7 




+ 


/on 


















* ACTIVE 


LOW, 


CpT.Ff'T 1 ^ ^ 7 


VI 

i I 








rvT 




/GO 


* 


/CI 

/fc>l 




Gfl 


; AC 1 1 V£i 


nlun 


opt x?r ,r p i 




+ 


/PO 


* 


DI 














; AC 1 1 vu. 


T (~\T.T 


FIT TXT A(""T»TT7T? 




+ 


/PO 






* 


S2 










; ACTIVE 


LOW, 


SELECT 4,5,6,7 




+ 


/PO 










* 


SI 






; ACTIVE 


LOW, 


SELECT 2,3,6,7 




+ 


/PO 
















/on 
/SO 


; At, 1 1 Vri 


LOW, 




Y2 


= 


PO 




DI 




/S2 




SI 




/on 

/SO 


; ACTIVE 


HIGH 


, SELECT 2 




+ 


/PO 


* 


DI 














; ACTIVE 


LOW, 


DI INACTIVE 




+ 


/PO 






* 


S2 










; ACTIVE 


LOW, 


SELECT 4-7 




+ 


/PO 










* 


/si 






; ACTIVE 


LOW, 


SELECT 0,1,4,5 




+ 


/PO 














* 


SO 


T TT~1 

; ACTIVE 


LOW, 


SELECT 1,3,5,7 


Y3 




PO 


* 


DI 


* 


/S2 


* 


SI 


* 


SO 


; ACTIVE 


HIGH 


, SELECT 3 




• 


/PO 


* 


DI 














; ACTIVE 


LOW, 


DI INACTIVE 




+ 


/PO 






* 


S2 










; ACTIVE 


LOW, 


SELECT 4-7 




+ 


/PO 










* 


/si 






; ACTIVE 


LOW, 


SELECT 0,1,4,5 




+ 


/PO 
















/so 


; ACTIVE 


LOW, 


SELECT 0,2,4,6 


Y4 




PO 




DI 




S2 




/SI 




/so 


; ACTIVE 


HIGH 


r bbLbCT 4 




+ 


/TVl 

/PO 




DI 














; ACTIVE 


LOW, 


DI INACTIVE 




+ 


/PO 






* 


/S2 










; ACTIVE 


LOW, 


SELECT 0-3 




+ 


/PO 










* 


SI 






; ACTIVE 


LOW, 


SELECT 2,3,6,7 




+ 


/PO 
















so 


lip m~r T m 

; ACTIVE 


LOW, 


SELECT 1,3,5,7 


Y5 




r\J 


it 


DX 


* 


GO 


* 


/si 




en 


; Ac 1 i vri 


tit rr 


OPT T?r"T» K 




+ 


/PO 


* 


DI 














■ TV /""HIT \ TTT 1 

; AC I ± Vr. 


T /V»T 

L/JW , 


Ul INACllvii 




+ 


/pn 






* 












, rtv, J. J. VEj 


LlKJTt , 






+ 


/PO 










* 


SI 






; ACTIVE 


LOW, 


SELECT 2,3,6,7 




+ 


/PO 














* 


/so 


; ACTIVE 


LOW, 


SELECT 0,2,4,6 


Y6 




PO 


* 


DI 


* 


S2 


* 


SI 


* 


/so 


; ACTIVE 


HIGH 


, SELECT 6 




+ 


/PO 


* 


DI 














; ACTIVE 


LOW, 


DI INACTIVE 




+ 


/PO 






* 


/S2 










; ACTIVE 


LOW, 


SELECT 0-3 




+ 


/PO 










* 


/si 






; ACTIVE 


LOW, 


SELECT 0,1,4,5 




+ 


/PO 














* 


so 


; ACTIVE 


LOW, 


SELECT 1,3,5,7 


Y7 




PO 


* 


DI 


* 


S2 


* 


SI 


* 


so 


; ACTIVE 


HIGH 


, SELECT 7 




+ 


/PO 


* 


DI 














; ACTIVE 


LOW, 


DI INACTIVE 


+ 


/PO 






* 


/S2 










; ACTIVE 


LOW, 


SELECT 0-3 


+ 


/PO 










* 


/si 






; ACTIVE 


LOW, 


SELECT 0,1,4,5 


+ 


/PO 














* 


/so 


; ACTIVE 


LOW, 


SELECT 0,2,4,6 



2 



■ : 



PO DI S2 SI SO Y7 Y6 Y5 Y4 Y3 Y2 Yl YO 







sss 


YYYYYYYY 




PO 


DI 


210 


76543210 


COMMENTS 


H 


L 


XXX 


LLLLLLLL 


DATA INPUT = 


H 


H 


LLL 


LLLLLLLH 


SELECT OUTPUT 


H 


H 


LLH 


LLLLLLHL 


SELECT OUTPUT 1 


H 


H 


mil 


LLLLLHLL 


SELECT OUTPUT 2 


H 


H 


LHH 


LLLLHLLL 


SELECT OUTPUT 3 


H 


H 


HLL 


LLLHLLLL 


SELECT OUTPUT 4 


H 


H 


HLH 


LLHLLLLL 


SELECT OUTPUT 5 


H 


H 


HHL 


LHLLLLLL 


SELECT OUTPUT 6 


H 


H 


HHH 


HLLLLLLL 

1 1 J-J i-J !—} i-J l_l LJ J_J 


RF.T.ETT OUTPUT 7 


L 


H 


XXX 




DATA TMPTTT = 


L 


L 


LLL 


iinnnnnnii 


OHf i-lIZiVv A vUlrUl "J 


L 


L 


LLH 


HHHHHHLH 


SELECT OUTPUT 1 


L 


L 


LHL 


HHHHHLHH 


SELECT OUTPUT 2 


L 


L 


LHH 


HHHHLHHH 


SELECT OUTPUT 3 


L 


L 


HLL 


HHHLHHHH 


SELECT OUTPUT 4 


L 


L 


HLH 


HHLHHHHH 


SELECT OUTPUT 5 


L 


L 


HHL 


HLHHHHHH 


SELECT OUTPUT 6 


L 


L 


HHH 


LHHHHHHH 


SELECT OUTPUT 7 



EXPANDABLE 
3-TO-8 DEMULTIPLEXER 

PLE5P8 




DESCRIPTION 



THIS PLE5P8 IMPLEMENTS AN EXPANDABLE 3-TO-8 DEMULTIPLEXER. THE DEVICE 
DEMULTIPLEXES THREE SELECT INPUT SIGNALS (S2-S0) INTO EIGHT OUTPUTS (Y7-Y0) 
USING THE INPUT DI WITH POLARITY SELECT PO. SINCE THE DEVICE HAS THREE-STATE 
OUTPUTS, IT CAN BE EXPANDED USING THE ACTIVE LOW ENABLE PIN (/E) . 

PIN ASSIGNMENTS: 

1. PO HIGH INDICATES OUTPUT IS ACTIVE HIGH. LOW INDICATES OUTPUT IS 

ACTIVE LOW. 

2. DI DATA INPUT (DEMULTIPLEXING INPUT). ACTIVE LOW IF PO IS LOW. 

3. S2-S0 SELECT PINS. S2 IS THE MOST SIGNIFICANT BIT. ACTIVE HIGH 

REGARDLESS OF PO. 

4. Y7-Y0 OUTPUTS. CAN BE ACTIVE HIGH OR ACTIVE LOW DEPENDING ON PO. 

ACTIVE LOW IF PO IS LOW. 



OPERATIONS TABLE: 



PO 


DI 


S2-S0 


Y7-Y0 


OPERATION 




L 


H 


X 


H 


OUTPUTS HIGH 




H 


H 


s 


DEMUX 


DEMUX ACTIVE 


HIGH 


L 


L 


s 


/DEMUX 


DEMUX ACTIVE 


LOW 


H 


L 


X 


L 


OUTPUTS LOW 





PO- 
Dl- 



1 



EXPANDABLE 
3-TO-8 
DEMULTIPLEXER 



UU(U All riUUXlEUUAM 

HMI SANTA CLARA, CALIFORNIA 

.ADD SX SY Al Bl CI Dl A2 B2 C2 D2 

.DAT XI Yl X2 Y2 



XI 



Yl 



X2 



Y2 



= 


/SX* 


Al 


; 


SELECT 


INPUT Al 


+ 


SX* 


Bl 


; 


SELECT 


INPUT Bl 




/SY* 


CI 


i 


SELECT 


INPUT CI 


: 


SY* 


Dl 


I 


SELECT 


INPUT Dl 




/SX* 


A2 




SELECT 


INPUT A2 


+ 


SX* 


B2 




SELECT 


INPUT B2 




/SY* 


C2 


# 


SELECT 


INPUT C2 




SY* 


D2 


7 


SELECT 


INPUT D2 



DESCRIPTION 

THIS IS AN EXAMPLE OF TWO INDEPENDENT 2-TO-l MULTIPLEXERS USING A PLE10P4. 
THE DEVICE WILL SWITCH BETWEEN TWO PAIRS OF 2-BIT INPUTS (A, B AND C, D) , AS 
DETERMINED BY THE TWO SELECT LINES (SX, SY) , FOR OUTPUT THROUGH TWO PAIRS OF 
2-BIT OUTPUTS (X AND Y) . THREE-STATE OUTPUTS ARE ALSO PROVIDED WITH TWO 
ACTIVE LOW ENABLE PINS (/El AND /E2) . THE FUNCTIONS OF THE DEVICE ARE 
SUMMARIZED IN THE TABLE BELOW: 



SELECT 
LINES 



INPUT A, B 



INPUT C, D 



OUTPUT X, Y 



s 


s 


A 


A 


B B 


C 


C 


D 


D 




X 


Y 


X 


Y 






X 


Y 


1 


2 


1 2 


1 


2 


1 


2 




1 


1 


2 


2 


FUNCTION 




I 


L 


Al 


A2 


X X 


CI 


C2 


X 


X 




Al 


CI 


A2 


C2 


SELECT A, 


C 


L 


H 


Al 


A2 


X X 


X 


X 


Dl 


D2 




Al 


Dl 


A2 


D2 


SELECT A, 


D 


H 


L 


X 


X 


Bl B2 


CI 


C2 


X 


X 




Bl 


B2 


CI 


C2 


SELECT B, 


C 


H 


H 


X 


X 


Bl B2 


X 


X 


Dl 


D2 




Bl 


Dl 


B2 


D2 


SELECT B, 


D 







































EIGHT 
DATA 
INPUTS 



DUAL 

2:1 

MULTIPLEXER 



TT 

SX SY 

TWO 
SELECT 
LINES 



4^ 



FOUR 
DATA 
OUTPUTS 



DUAL 2:1 
MULTIPLEXER 

PLE10P4 
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PLE10P4 PLE CIRCUIT DESIGN SPECIFICATION 

p 5005 S. HORIKO 04/29/84 

QUAD 2:1 MULTIPLEXER WITH POLARITY CONTROL 
MMI JAPAN 

. ADD SEL POL AO Al A2 A3 BO Bl B2 B3 
.DAT Y0 Yl Y2 Y3 



Y0 = /SEL*/POL*/A0 
+ /SEL* POL* AO 
+ SEL*/POL*/B0 
+ SEL* POL* BO 



SELECT INPUT /AO (COMP) 

SELECT INPUT AO (TRUE) 

SELECT INPUT /BO (COMP) 

SELECT INPUT BO (TRUE) 



Yl = /SEL*/P0L*/A1 
+ /SEL* POL* Al 
+ SEL*/P0L*/B1 
+ SEL* POL* Bl 



; SELECT INPUT /Al (COMP) 

; SELECT INPUT Al (TRUE) 

; SELECT INPUT /Bl (COMP) 

; SELECT INPUT Bl (TRUE) 



Y2 = /SEL*/POL*/A2 
+ /SEL* POL* A2 
+ SEL*/POL*/B2 
+ SEL* POL* B2 



SELECT INPUT /A2 (COMP) 

SELECT INPUT A2 (TRUE) 

SELECT INPUT /B2 (COMP) 

SELECT INPUT B2 (TRUE) 



Y3 = /SEL*/POL*/A3 
+ /SEL* POL* A3 
+ SEL*/POL*/B3 
+ SEL* POL* B3 



SELECT INPUT /A3 (COMP) 

SELECT INPUT A3 (TRUE) 

SELECT INPUT /B3 (COMP) 

SELECT INPUT B3 (TRUE) 



FUNCTION TABLE 



SEL 


POL AO 


Al A2 


A3 BO 


Bl B2 B3 


Y0 Yl Y2 Y3 






; SELECT 


AAAA 


BBBB 


YYYY 










;SEL 


POL 


0123 


0123 


0123 


COMMENT 


PS 






L 


L 


LLLL 


xxxx 


HHHH 


SELECT 


COMP 


INPUT 


/A=00 


L 


L 


LHLH 


xxxx 


HLHL 


SELECT 


COMP 


INPUT 


/A=05 


L 


L 


HLHL 


xxxx 


LHLH 


SELECT 


COMP 


INPUT 


/A=10 


L 


L 


HHHH 


xxxx 


LLLL 


SELECT 


COMP 


INPUT 


/A=15 


L 


H 


LLLL 


xxxx 


LLLL 


SELECT 


TRUE 


INPUT 


A=00 


L 


H 


LHLH 


xxxx 


LHLH 


SELECT 


TRUE 


INPUT 


A=05 


L 


H 


HLHL 


xxxx 


HLHL 


SELECT 


TRUE 


INPUT 


A=10 


L 


H 


HHHH 


xxxx 


HHHH 


SELECT 


TRUE 


INPUT 


A=15 


H 


L 


xxxx 


LLLL 


HHHH 


SELECT 


COMP 


INPUT 


/B=00 


H 


L 


xxxx 


LHLH 


HLHL 


SELECT 


COMP 


INPUT 


/B=05 


H 


L 


xxxx 


HLHL 


LHLH 


SELECT 


COMP 


INPUT 


/B=10 


H 


L 


xxxx 


HHHH 


LLLL 


SELECT 


COMP 


INPUT 


/B=15 


H 


H 


xxxx 


LLLL 


LLLL 


SELECT 


TRUE 


INPUT 


B=00 


H 


H 


xxxx 


HLHL 


HLHL 


SELECT 


TRUE 


INPUT 


B=05 


H 


H 


xxxx 


LHLH 


LHLH 


SELECT 


TRUE 


INPUT 


B=10 


H 


H 


xxxx 


HHHH 


HHHH 


SELECT 


TRUE 


INPUT 


B=15 
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QUAD 2:1 MULTIPLEXER WITH POLARITY CONTROL (cont'd) 
DESCRIPTION 

THIS IS AN EXAMPLE OF A QUAD 2:1 MULTIPLEXER WITH POLARITY CONTROL IMPLEMENTED 
IN A PLE10P4. THE DEVICE SELECTS BETWEEN TWO 4-BIT INPUTS (A1-A4 AND B1-B4) 
WHICH ARE DIRECTED TO ONE 4-BIT OUTPUT (Y1-Y4) AS DETERMINED BY ONE INPUT 
SELECT LINE (SEL) AND POLARITY CONTROL (POL) . WHEN POLARITY IS TRUE 

(POL=HIGH) , THE TRUE OF THE INPUT SIGNAL IS SELECTED. WHEN POLARITY IS FALSE 

(POL=LOW) , THE COMPLEMENT OF THE INPUT SIGNAL IS SELECTED. 

THE PLE10P4 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE LOW ENABLE PINS 
(/El AND /E2). THE FUNCTION IS SUMMARIZED BELOW: 



SEL 


POL 


A1-A4 


B1-B4 


Y1-Y4 


L 


H 


A 


X 


A 


L 


L 


A 


X 


/A 


H 


H 


X 


B 


B 


H 


L 


X 


B 


/B 



QUAD 2:1 MULTIPLEXER 
WITH POLARITY CONTROL 

PLE10P4 




EIGHT 
□ATA 
INPUTS 





QUAD 2:1 
MUX WITH 
POLARITY 
CONTROL 












FOUR 
DATA 
OUTPUTS 
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PLE5P8 
P5006 

HEXADECIMAL TO SEVEN SEGMENT DECODER 
MMI SANTA CLARA, CALIFORNIA 
.ADD A B C D LT 

.DAT /OA /OB /OC /OD /OE /OF /OG /DP 



PLE CIRCUIT DESIGN SPECIFICATION 
ULRIK MUELLER 04/29/84 



OA = B* /D 

+ B* C 

+ /A* /C*/D 

+ A* C*/D 

+ /A* D 

+ /B*/C* D 
+ LT 

OB = /C*/D 
+ A* B* /D 
+ /A*/B* /D 
+ A*/B* D 
+ /A* /C 
+ LT 

OC = /C* D 

+ A*/B 

+ C*/D 

+ A* /D 

+ /B* /D 

+ LT 

OD = /A*/B*/C 

+ /B* D 
+ A*/B* C 
+ A* B*/C 
+ /A* B* C 

B* /D 

LT 

OE = /A* /C 

+ C* D 

+ /A* B 
+ A* B* D 
+ LT 

OF = /A*/B 

+ /B* C*/D 
+ /C* D 

+ B* D 

+ /A* B* C 
+ LT 

OG = B*/C 
+ /A* B 
+ /C* D 

+ A* D 
+ /B* C*/D 
+ LT 

DP = LT 



SEGMENT A 



; IF LT=H MAKE BLANK TEST ON SEGMENT A 

; SEGMENT B 

; IF LT=H MAKE BLANK TEST ON SEGMENT B 

; SEGMENT C 

; IF LT=H MAKE BLANK TEST ON SEGMENT C 

; SEGMENT D 



; IF LT=H MAKE BLANK TEST ON SEGMENT D 

• SEGMENT E 

; IF LT=H MAKE BLANK TEST ON SEGMENT E 

; SEGMENT F 

. IF LT=H MAKE BLANK TEST ON SEGMENT F 

; SEGMENT G 

; IF LT=H MAKE BLANK TEST ON SEGMENT G 

; TURNS DP ON ONLY WHEN LT=H 



THIS EXAMPLE ILLUSTRATES THE USE OF A PLE5P8 AS A HEXADECIMAL TO SEVEN SEGMENT 
DECODER. THE DEVICE DECODES A 4-BIT BINARY INPUT (D,C,B, A) INTO THE SEVEN 
SEGMENT OUTPUTS NEEDED TO DRIVE AN LED DISPLAY. NOTE THAT THIS DESIGN IS AN 
IMPROVEMENT FROM THE 74LS47 SINCE ALL 16 HEXADECIMAL DIGITS (0-F) CAN BE 
DISPLAYED. A LAMP TEST IS PROVIDED TO ILLUMINATE ALL SEVEN SEGMENTS AND THE 
DECIMAL POINT (IF DP IS CONNECTED) BY BRINGING LAMP TEST HIGH (LT=HIGH) 
REGARDLESS OF THE OTHER BINARY INPUTS. THREE-STATE OUTPUTS ARE ALSO PROVIDED 
WITH ONE ACTIVE LOW ENABLE PIN (/E) . 



PUT 


1 




INPUT 


{ 


SEGMENT 


OUTPUT 


GIT 


! 


LT 


D 


c 


B 


A 


| 


ON 1 


DISPLAY 





; 


L 


L 


L 


L 


L 


| 


ABCDEF 





1 


i 


L 


L 


L 


L 


H 


I 


BC 


1 


2 


1 


L 


L 


L 


H 


L 


1 


ABDEG 


2 


3 


1 


L 


L 


L 


H 


H 


1 


ABCDG 


3 


4 


1 


L 


L 


H 


L 


L 


t 


BCDFG 


4 


5 


I 


L 


L 


H 


L 


H 


! 


ACDFG 


5 


6 


1 


L 


L 


H 


H 


L 


i 


ACDEFG 


6 


7 


! 


L 


L 


H 


H 


H 


I 


ABC 


7 


8 


1 


L 


H 


L 


L 


L 


I 


ABCDEFG 


8 


9 


1 


L 


H 


L 


L 


H 


1 


ABCFG 


I 9 


A 


I 


L 


H 


L 


H 


L 


i 


ABCEFG 


1 A 


B 


I 


L 


H 


L 


H 


H 


1 


CDEFG 


! b 


C 


i 


L 


H 


H 


L 


L 


1 


ADEF 


! C 


D 


I 


L 


H 


H 


L 


H 


1 


BCDEG 


a 


E 


! 


L 


H 


H 


H 


L 


1 


ADEFG 


! E 


F 


I 


L 


H 


H 


H 


H 


I 


AEFG 


! F 


X 


t 


H 


X 


X 


X 


X 


1 


ABCDEFG 


I 8 * 



SEGMENT 
IDENTIFICATION 




CHARACTER SET 



* BLANK TEST OF DISPLAY 



HEXADECIMAL TO 
SEVEN-SEGMENT DECODER 



PLE5P8 




Random Logic 



HEXADECIMAL TO SEVEN-SEGMENT DECODER (cont'd) 



HEXADECIMAL TO SEVEN-SEGMENT DECODER 




Monolithic FJFJ Memories 
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PLE5P8 
P5007 

5-BIT BINARY TO BCD CONVERTER 

MMI SANTA CLARA, CALIFORNIA 

. ADD BIO BI1 BI2 BI3 BI4 

.DAT BOO B01 B02 B03 BIO Bll B12 B13 



PLE CIRCUIT DESIGN SPECIFICATION 
VINCENT COLI 02/03/82 



BOO = BIO 
B01 



= /BI4*/BI3* Bll 
+ /BI4* BI3* BI2*/BI1 
+ BI4* BI3*/BI2* Bll 
+ BI4*/BI3*/BI2*/BI1 
+ /BI3* BI2* Bll 



B02 = /BI4*/BI3* BI2 

+ /BI4* BI2* Bll 

+ BI4* BI3*/BI2 
+ BI4*/BI3*/BI2*/BI1 

B03 = /BI4* BI3*/BI2*/BI1 
+ BI4* BI3* BI2*/BI1 
+ BI4*/BI3*/BI2* Bll 



BIO = /BI4* BI3* 

+ /BI4* BI3* BI2 
+ BI3* BI2« 

+ BI4*/BI3*/BI2 



Bll 
Bll 



Bll = BI4* BI3 

+ BI4* 

B12 = BI4*/BI4 

B13 = BI4*/BI4 



BI2 



; CONVERT FIRST BIT OF DECIMAL (LSB) 
; CONVERT SECOND BIT OF DECIMAL 



; CONVERT THIRD BIT OF DECIMAL 



; CONVERT FOURTH BIT OF DECIMAL 



; CONVERT FIRST BIT OF 1 DECIMAL 



; CONVERT SECOND BIT OF 1 DECIMAL 

; CONVERT THIRD BIT OF 1 DECIMAL 

; CONVERT FOURTH BIT OF 1 DECIMAL (MSB) 

5-BIT BINARY 

TO BCD 
CONVERTER 

PLE5P8 



5-BIT 1 




BINARY TO 


BINARY 


W-V- 


BCD 


CODE 1 




CONVERTER 



-B1 I TWO 

nnf BCD 
DIGITS 





h-oi i DinHni lUDLUuuniLnicnicunia) 
FUNCTION TABLE 

BI4 BI3 BI2 BI1 BIO B13 B12 Bll BIO B03 B02 B01 BOO 



ADDRESS 
BINARY 
43 210 



DATA 

BCD 1 BCD 
3210 3210 



DESCRIPTION 
(DECIMAL VALUE) 



LL LLL 
LL LLH 
LL LHH 
LL LHL 
LL HHL 
LL HHH 
LL HLH 
LL HLL 



LLLL 
LLLL 
LLLL 
LLLL 
LLLL 
LLLL 
LLLL 
LLLL 



LLLL 
LLLH 
LLHH 
LLHL 
LHHL 
LHHH 
LHLH 
LHLL 




1 
3 
2 
6 
7 
5 
4 



LH LLL 

LH LLH 

LH LHH 

LH LHL 

LH HHL 

LH HHH 

LH HLH 

LH HLL 



LLLL 
LLLL 
LLLH 
LLLH 
LLLH 
LLLH 
LLLH 
LLLH 



HLLL 
HLLH 
LLLH 
LLLL 
LHLL 
LHLH 
LLHH 
LLHL 



HL LLL 
HL LLH 
HL LHH 
HL LHL 
HL HHL 
HL HHH 
HL HLH 
HL HLL 



LLLH 
LLLH 
LLLH 
LLLH 
LLHL 
LLHL 
LLHL 
LLHL 



LHHL 
LHHH 
HLLH 
HLLL 
LLHL 
LLHH 
LLLH 
LLLL 



HH LLL 
HH LLH 
HH LHH 
HH LHL 
HH HHL 
HH HHH 
HH HLH 
HH HLL 



LLHL 
LLHL 
LLHL 
LLHL 
LLHH 
LLHH 
LLHL 
LLHL 



LHLL 
LHLH 
LHHH 
LHHL 
LLLL 
LLLH 
HLLH 
HLLL 



DESCRIPTION 

THIS 5-BIT BINARY TO 2-DIGIT BCD CONVERTER IS IMPLEMENTED IN A PLE5P8 
LOGIC CIRCUIT. THE DEVICE ACCEPTS A 5-BIT BINARY INPUT (BI) AND CONVERTS 
THIS INTO TWO 4-BIT BINARY CODED DECIMAL (BCD) OUTPUTS (Bl AND BO) . 



THREE-STATE OUTPUTS ARE ALSO PROVIDED WITH ONE ACTIVE LOW ENABLE PIN (/E) . 
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PLE5P8 
P5008 

4 -BIT BCD TO GRAY CODE CONVERTER 
MMI SANTA CLARA, CALIFORNIA 
.ADD BO Bl B2 B3 
GO Gl G2 G3 



PLE CIRCUIT DESIGN SPECIFICATION 
VINCENT COLI 10/16/81 



.DAT 



GO = BO :+: Bl 
Gl = Bl :+: B2 



G2 
G3 



B2 :+: B3 
B3 



DESCRIPTION 



; CONVERT GO (LSB) 

; CONVERT Gl 

; CONVERT G2 

; CONVERT G3 (MSB) 



THIS PLE5P8 WILL CONVERT A 4-BIT BCD INPUT (B3-B0) INTO A 4-BIT 
GRAY CODE REPRESENTATION (G3-G0) FOR OUTPUT. 



4-BIT BCD TO GRAY 
CODE CONVERTER 




4-BIT 
BCD 



BCD TO GRAY 

CODE 
CONVERTER 



I 2 

J C 



BIT 
GRAY 
CODE 
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PLE5P8 
P5009 



PL E CIRCUIT DESIGN SPECIFICATION 
VINCENT COLI 03/16/84 



4-BIT GRAY CODE TO BCD CONVERTER 
MMI SANTA CLARA, CALIFORNIA 
. ADD GO Gl G2 G3 
.DAT BO Bl B2 B3 



BO = GO :+: Gl :+: G2 :+: G3 

Bl = Gl :+: G2 :+: G3 

B2 = G2 :+: G3 
B3 = G3 

DESCRIPTION 



; CONVERT BO (LSB) 

; CONVERT Bl 

; CONVERT B2 

; CONVERT B3 (MSB) 



THIS PLE5P8 WILL CONVERT A 4-BIT GRAY CODE INPUT (G3-G0) INTO A 4-BIT 
BINARY REPRESENTATION (B3-B0) FOR OUTPUT. 



4-BIT GRAY CODE TO BCD 
CONVERTER 



PLE5P8 




4-BIT 
GRAY 
CODE 



GRAY CODE 

TO BCD 
CONVERTER 



BIT 
BCD 
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P5010 

8-BIT PRIORITY ENCODER 
MMI SANTA CLARA, CALIFORNIA 
.ADD 10 II 12 13 14 15 16 17 
. DAT SO SI S2 EN 



FRANK LEE/ULRIK MUELLER 05/14/B4 



SO = 17 

+ /I6* 15 

+ /I6*/I4* 13 

+ /I6*/I4*/I2* II 

1 = 17 
+ 16 

+ /I5*/I4* 13 
+ /I5*/I4* 12 

= 17 

+ 16 

+ 15 

+ 14 



17-10 = 1XXXXXXX 

17-10 = X01XXXXX 

17-10 = X0X01XXX 

17-10 = XOXOX01X 

17-10 = 1XXXXXXX 
17-10 = X1XXXXXX 
17-10 = XX001XXX 
17-10 = XX00X1XX 



; 17-10 = 1XXXXXXX 

; 17-10 = X1XXXXXX 

; 17-10 = XX1XXXXX 

; 17-10 - XXX1XXXX 



/I0*/H*/I2*/I3*/I4*/I5*/I6*/I7 ; ALL LOWS ENABLE NEXT PRIORITY ENCODER 



FUNCTION TABLE 

17 16 15 14 13 12 II 10 EN S2 SI SO 



— INPUT LINES — 
IIIIIIII 
76543210 



-OUTPUTS- 
E S S S 
N 2 10 



COMMENT 



H 


X 


X 


X X 


X 


X X 


L 


H 


H 


H 


17 


= HIGH 


L 


H 


X 


X X 


X 


X X 


L 


H 


H 


L 


16 


= HIGH 


L 


L 


H 


X X 


X 


X X 


L 


H 


L 


H 


15 


= HIGH 


L 


L 


L 


H X 


X 


X X 


L 


H 


L 


L 


14 


= HIGH 


L 


L 


L 


L H 


X 


X X 


L 


L 


H 


H 


13 


= HIGH 


L 


L 


L 


L L 


H 


X X 


L 


L 


H 


L 


12 


= HIGH 


L 


L 


L 


L L 


L 


H X 


L 


L 


L 


H 


11 


= HIGH 


L 


L 


L 


L L 


L 


L H 


L 


L 


L 


L 


10 


= HIGH 


L 


L 


L 


L L 


L 


L L 


H 


L 


L 


L 


17-10 = U 



INPUT 
LINES 




Random Logic 



8-BIT PRIORITY ENCODER (cont'd) 
DESCRIPTION 

THIS 8-BIT PRIORITY ENCODER SCANS FOR THE FIRST HIGH INPUT LINE (17-10) FROM 17 
(WHICH HAS THE HIGHEST PRIORITY) TO 10 (WHICH HAS THE LOWEST PRIORITY) . IT 
WILL GENERATE A BINARY ENCODED OUTPUT (S2-S0) WHICH WILL POINT TO THE HIGHEST 
PRIORITY INPUT WHICH IS AT A HIGH STATE. 

IF NO INPUT LINES ARE HIGH (I7-I0=LOW) , THEN THE BINARY ENCODED OUTPUTS WILL BE 
ZERO (S2-S0=LOW) AND THE ENABLE OUTPUT WILL BE HIGH (EN=HIGH) INDICATING A 
CARRY OUT TO THE NEXT PRIORITY ENCODER. THE OUTPUT ENABLE WILL BE LOW (EN=LOW) 
IF ANY OF THE INPUT LINES ARE HIGH. 

THE PLE8P4 ALSO HAS THREE-STATE OUTPUTS WITH TWO ACTIVE-LOW OUTPUT ENABLE 
CONTROL PINS (/El AND /E2) . 



8-BIT PRIORITY 
ENCODER 

PLE8P4 



GND 




8-25 



Random Logic 



PLE8P4 
P5011 

4-BIT MAGNITUDE COMPARATOR 
MMI SANTA CLARA, CALIFORNIA 
.ADD AO Al A2 A3 BO Bl B2 B3 
.DAT BQ NE LT GT 



PLE CIRCUIT DESIGN SPECIFICATION 
ULRIK MUELLER 04/01/83 



BQ 
NE 



» A3:*:B3 * A2:*:B2 * A1:*:BI * A0:*:B0 ; 



LT - /A3 * B3 

+ A3:*:B3 * /A2 * B2 
+ A3:*:B3 * A2:*:B2 * /Al * Bl 



GT = A3 */B3 

+ A3:*sB3 * A2 */B2 

+ A3:*sB3 * A2:*:B2 * Al */Bl 

+ A3:*:B3 * A2:*:B2 * A1:*:B1 * AO */B0 

DESCRIPTION 

THIS PLE8P4 COMPARES TWO 4-BIT NUMBERS (A3-A0 AND B3-B0) TO ESTABLISH IF THEY 
ARE EQUAL (A - B THEN EQ=H) , NOT EQUAL (A NOT = B THEN NE=H) , LESS THAN (A 
LT B THEN LT-H) , OR GREATER THAN (A GT B THEN GT=H) AND REPORTS THE 
COMPARISON STATUS ON THE OUTPUTS (EQ, NE, LT, GT) AS ILLUSTRATED IN THE 
OPERATIONS TABLE BELOW. 



















A = B 








A NOT 


= B 






A3 LT 


B3 






A2 LT 


B2 






Al LT 


Bl 






AO LT 


BO 










A3 GT 


B3 






A2 GT 


B2 






Al GT 


Bl 






AO GT 


BO 







THE PLE8P4 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE-LOW OUTPUT ENABLE 
CONTROL PINS (/El AND /E2) . 



INPUT NUMBERS 



COMPARISON STATUS 



-AO 


B3-B0 


BQ 


NE 


LT 


GT 


OPERATION 


A 


B 


H 


L 


L 


L 


COMPARE A EQUAL TO B 


A NOT 


■ B 


L 


B 


X 


X 


COMPARE A NOT EQUAL TO B 


A LT 


B 


L 


H 


H 


L 


COMPARE A LESS THAN B 


A GT 


B 


L 


H 


L 


H 


COMPARE A GREATER THAN B 



4-BIT MAGNITUDE 
COMPARATOR 

PLE8P4 




Random Logic 



PLE12P4 PLE CIRCUIT DESIGN SPECIFICATION 

P5012 VINCENT COLI 10/16/83 

6-BIT MAGNITUDE COMPARATOR 
MMI SANTA CLARA, CALIFORNIA 



.ADD 


AO Al A2 


A3 


A4 A5 BO Bl B2 B3 B4 
















.DAT 


EQ NE LT GT 




















EO = 


A5:*:B5 


* 


A4:*:B4 * 


A3:*:B3 * 


A2s*:B2 


* 


A1:*:B1 * A0:*:B0 


; 


A - B 




NE » 


A5:+:B5 + 


A4:+:B4 + 


A3:+:B3 + 


A2:+:B2 


+ 


A1:+:B1 + A0:+:B0 ; 


A NOT- B 


LT = 


/A5 * B5 
















; 


A5 LT 


B5 


+ 


A5:*:B5 


* /A4 * B4 












; 


A4 LT 


B4 


+ 


A5:*:B5 


* 


A4:*:B4 * 


/A3 * B3 










; 


A3 LT 


B3 


+ 


A5:*:B5 


* 


A4:*:B4 * 


A3:*:B3 * 


/A2 * B2 








; 


A2 LT 


B2 


+ 


A5:*:B5 


• 


A4:*:B4 * 


A3:*:B3 * 


A2:*:B2 


* 


/Al * Bl 




; 


Al LT 


Bl 


+ 


A5:*:B5 


* 


A4:*:B4 * 


A3:*:B3 * 


A2:*:B2 


* 


A1:*:B1 * /AO 


* BO 


t 


AO LT 


BO 


GT = 


A5 */B5 
















; 


A5 GT 


B5 


+ 


A5:*:B5 


* 


A4 */B4 












* 


A4 GT 


B4 


+ 


A5:*:B5 


* 


A4:*:B4 * 


A3 */B3 










j 


A3 GT 


B3 


+ 


A5:*:B5 


* 


A4:*:B4 * 


A3:*:B3 * 


A2 */B2 








? 


A2 GT 


B2 


+ 


A5:*:B5 


* 


A4:*:B4 * 


A3:*:B3 * 


A2:*:B2 


* 


Al */Bl 




7 


Al GT 


Bl 


+ 


A5:*:B5 


* 


A4:*:B4 * 


A3:*:B3 * 


A2:*:B2 


* 


Al:*sBl * AO 


*/B0 


/ 


AO GT 


BO 



DESCRIPTION 



THIS PLE12P4 COMPARES TWO 6-BIT NUMBERS (A5-A0 AND B5-B0) TO ESTABLISH IF THEY 
ARE EQUAL (A = B THEN EQ=H) , NOT EQUAL (A NOT = B THEN NE=H) , LESS THAN 
(A LT B THEN LT=H) , OR GREATER THAN (A GT B THEN GT-H) AND REPORTS THE 
COMPARISON STATUS ON THE OUTPUTS (EQ, NE, LT, GT) AS ILLUSTRATED IN THE 
OPERATIONS TABLE BELOW. 



THE PLE12P4 ALSO FEATURES THREE-STATE OUTPUTS WITH TWO ACTIVE-LOW OUTPUT ENABLE 
CONTROL PINS (/El AND /E2) . 



INPUT NUMBERS 



COMPARISON STATUS 



-AO 


B5-B0 


EQ 


NE 


LT 


GT 


OPERATION 


A 


B 


H 


L 


L 


L 


COMPARE A EQUAL TO B 


A NOT 


- B 


L 


H 


X 


X 


COMPARE A NOT EQUAL TO B 


A LT 


B 


L 


H 


H 


L 


COMPARE A LESS THAN B 


A GT 


B 


L 


H 


L 


H 


COMPARE A GREATER THAN B 



TWO 
6-BIT I 
INPUT | 
NUMBERS 




COMPARISON 
STATUS 



E1E2 



6-BIT MAGNITUDE 
COMPARATOR 
PLE12P4 




Monolithic Memories 
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Random Logic 



PLE9P4 
P5011A 

4 -BIT MAGNITUDE COMPARATOR WITH POLARITY CONTROL 

MMI SANTA CLARA, CALIFORNIA 

. ADD AO Al A2 A3 BO Bl B2 B3 POL 

.DAT EQ NE LT GT 



EQ 



PLE CIRCUIT DESIGN SPECIFICATION 
COLI/MUELLER 09/09/84 



NE 



LT 



GT 





A3 


:*:B3* POL 


* 


A2:*:B2* POL 


* 


A1:*:B1* POL 


* 


AO: 


*:B0* POL ; A 


EQ B 




A3 


:+:B3*/POL 


* 


A2 •+ -B2* /POL 


* 


«i •+ - Bl * /POL 


* 


A0:+:B0*/POL ; A /EQ B 


= 


A3 


:+:B3* POL 


+ 


A2:+:B2* POL 


+ 


A1:+:B1* POL 


+ 


A0: + :B0* POL ; A 


NE B 


+ 


A3 


:*:B3*/POL + 


A2:*:B2*/POL 


+ 


Al:*:Bl*/POL 


+ 


A0:*:B0*/POL 


A /NE B 


= 


/A3 


* B3* POL 
















A3 


LT B3 


+ 


A3 


:*:B3* POL 


* 


/A2 * B2* POL 












A2 


LT B2 


+ 


A3 


:*:B3* POL 


* 


A2:*:B2* POL 


* 


/Al * Bl* POL 








Al 


LT Bl 


+ 


A3 


:*:B3* POL 


* 


A2:*:B2* POL 


* 


A1:*:B1* POL 


* 


/AO 


* BO* POL 


AO 


LT BO 


+ 


A3 


*/B3*/POL 
















A3 


/LT B3 


+ 


A3 


:*:B3*/POL 


* 


A2 */B2*/POL 












A2 


/LT B2 


+ 


A3 


:*:B3*/POL 


* 


A2:*:B2*/POL 


* 


Al */Bl*/POL 








Al 


/LT Bl 


+ 


A3 


:*:B3*/POL 


* 


A2:*:B2*/POL 


* 


Al:*:Bl*/POL 


* 


AO 


*/B0*/POL 


AO 


/LT BO 


+ 


A3 


:*:B3*/POL 


+ 


A2:*:B2*/POL 


+ 


Al:*:Bl*/POL 


+ 


AO: 


*:B0*/POL 


A 


/LT B 


— 


A3 


*/B3* POL 
















A3 


GT B3 


+ 


A3 


:*:B3* POL 


* 


A2 */B2* POL 












A2 


GT B2 


+ 


A3 


:*:B3* POL 


* 


A2:*:B2* POL 


* 


Al */Bl* POL 








Al 


GT Bl 


+ 


A3 


:*:B3* POL 


* 


A2:*:B2* POL 


* 


A1:*:B1* POL 


* 


AO 


*/B0* POL 


AO 


GT BO 


+ 


/A3 


* B3*/POL 
















A3 


/GT B3 


+ 


A3 


:*tB3*/POL 


* 


/A2 * B2*/POL 












A2 


/GT B2 


+ 


A3 


:*:B3*/POL 


* 


A2:*:B2*/POL 


* 


/Al * Bl*/POL 








Al 


/GT Bl 


+ 


A3 


:*:B3*/POL 


* 


A2:*:B2*/POL 


* 


Al:*:Bl*/POL 


* 


/AO 


* B0*/POL 


AO 


/GT BO 


+ 


A3 


:*:B3*/POL 


+ 


A2:*:B2*/POL 


+ 


A1:*:B1*/P0L 


+ 


AO: 


*:B0*/POL 


A 


/GT B 



DESCRIPTION 



THIS PLE9P4 COMPARES TWO 4-BIT NUMBERS (A3-A0 AND B3-B0) TO ESTABLISH IF THEY 
ARE EQUAL (A EQ B) , NOT EQUAL (A NE B) , LESS THAN (A LT B) , OR GREATER THAN 
(A GT B). THE COMPARISON STATUS IS REPORTED WITH ACTIVE-HIGH POLARITY (EQ, 
NE, LT, GT) WHEN THE POLARITY CONTROL INPUT IS TRUE (POL=H) AND WITH ACTIVE-LOW 
POLARITY (/EQ, /NE, /LT, /GT) WHEN THE POLARITY CONTROL INPUT IS FALSE (POL=L). 

THE PLE8P4 ALSO FEATURES THREE-STATE OUTPUTS WITH ONE ACTIVE-LOW OUTPUT ENABLE 
CONTROL PIN (/E). 



OPERATIONS TABLE: 



INPUT NUMBERS 



POLARITY 



COMPARISON STATUS 



A3 -AO 


B3-B0 


POL * 


EQ 


NE 


LT 


GT 


OPERATION 




A EQ 


B 


H 


H 


L 


L 


L 


COMPARE A 


EQUAL TO B 


A NE 


B 


H 


L 


H 


X 


X 


COMPARE A 


NOT EQUAL TO B 


A LT 


B 


H 


L 


H 


H 


L 


COMPARE A 


LESS THAN B 


A GT 


B 


H 


L 


H 


L 


H 


COMPARE A 


GREATER THAN B 



* COMPARISON STATUS WILL BE ACTIVE-LOW (I.E., /EQ, /NE, /LT, /GT) WHEN POL=L. 



- 

8- 
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Random Logic 



4-Bit Magnitude Comparator 
with Polarity Control 



PLE9P4 




Block Diagram 




COMPARISON 
STATUS 



Monolithic Iflimi Memories 



P5013 

8-BIT BARREL SHIFTER 

MMI SANTA CLARA, CALIFORNIA 

. ADD DO Dl D2 D3 D4 D5 D6 D7 SO SI 

. DAT OO 01 02 03 04 05 06 07 



oo 



VINCENT COLI 06/12/84 



02 



03 



04 



— 


/SO* /Sl*/S2* 


DO 


* 


SHIFT 







4. 


SO* /SI */S2* 


Dl 




SHIFT 


I 


PT.&PPC 


+ 


/SO* Sl*/<32* 


D2 




SHIFT 


2 


PT.AfPC 


+ 


SO* Sl*/S2* 


D3 




SHIFT 


3 


PT.APFC 


4. 


/cn* /ci * co* 

/OU / OX 


D4 




SHIFT 


4 


pt api?c 

Ir Xinl~£fO 


4. 


cn* /ci * co* 






SHIFT 




t J_irt\_- CiO 


4. 


/Cn* Gl * GO* 
/ OU Ol Oo 








D 


or ar*T?c 

trXinv^HtO 


+ 


SO* SI* S2* 


D7 




SHIFT 


7 


PLACES 




/cn* /CI * /GO* 

/ DU / OX / OZ 


m 




onxr 1 


n 


DT IVPT?C 
r'XiHL.riO 


+ 


cn* /CI * /co* 
ou / ox / oz 


no 

L/Z 




GUT!? T 

on if 1 


i 

X 




4. 


/Cn* CI * /CO* 
/ OU OX / OZ 


D-J 




onxr 1 


z 


irXiAi^rjO 


x 


Cn* CI * /CO* 






GWT VP 

onlr 1 




f XiACCiO 


T 


/cn* /on * go* 


Uj 


7 


CIITTTT 

onlr 1 


A 


FxiA^rjO 


T 


en* /ci * 0* 

oU**/ox" OZ " 


UD 


1 


onlir 1 


c 


i*xjACr«o 


X 


/Crt* Gl * CO* 

/ ou ox ■ oz 


u / 


i 


onxr 1 


|T 
5 


f XiACHO 


+ 


SO* SI* S2* 


DO 


? 


SHIFT 


7 


PLACES 




/cn* /ei * /e*i* 


L>z 


? 


ODTPT 

onxr x 


U 


PLACES 


+ 


S0*/S1*/S2* 


D3 


f 


SHIFT 


1 


PLACES 


+ 


/SO* Sl*/S2* 


D4 


f 


SHIFT 


2 


PLACES 


+ 


SO* Sl*/S2* 


D5 


7 


SHIFT 


3 


PLACES 


+ 


/nn* /CI + ni* 

/S0*/ox* S2* 


D6 


7 


SHIFT 


4 


PLACES 


+ 


S0*/S1* S2* 


D7 


7 


SHIFT 


5 


PLACES 


+ 


/en* on * oo* 
/oU* ol x oz* 


r\n 
DU 


7 


SHIFT 


6 


PLACES 


+ 


SO* SI* S2* 


Dl 


• 

1 


SHIFT 


7 


PLACES 




/cn* /ci * /co* 

/ OU / OX / 


D3 


7 


SHIFT 


u 


DT IPPQ 


4. 


cn* /ci * /c9* 

ou / ox/ oz 


D4 


7 


onxr 1 


1 

X 


dt ar*i?c 


4. 


/ ljVj OX / OA 


D5 


7 


SHIFT 


2 


DT.fiPPG 


4. 


cn* ci * /co* 

DU OX / 3Z 


nfi 


r 


CITTPT 
oali J. 




dt in?e 




/cn* /ci * co* 

/ DU / OX Q£ 


n*7 


1 


onlr 1 




Px*ACr»o 




cn* /ci * eo* 
oU^/ox" at" 


nn 


7 


onxr 1 


c 


PLACr>o 


X 
T 


/cn* ci * co* 
/ DU ™ ox oz 


in 


7 


onxr 1 


D 




4. 


cn* ci * co* 

ou ox oz 


no 
uz 


7 


onxr 1 


7 


DT SPTTC 




/S0*/S1*/S2* 


D4 


7 


SHIFT 





PLACES 


+ 


S0*/S1*/S2* 


D5 


7 


SHIFT 


1 


PLACES 


+ 


/SO* Sl*/S2* 


D6 


7 


SHIFT 


2 


PLACES 


+ 


SO* Sl*/S2* 


D7 


7 


SHIFT 


3 


PLACES 


+ 


/S0*/S1* S2* 


DO 


7 


SHIFT 


4 


PLACES 


+ 


S0*/S1* S2* 


Dl 


7 


SHIFT 


5 


PLACES 


+ 


/SO* SI* S2* 


D2 


7 


SHIFT 


6 


PLACES 


+ 


SO* SI* S2* 


D3 


7 


SHIFT 


7 


PLACES 
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Random Logic 



8-BIT BARREL SHIFTER (cont'd) 
DESCRIPTION 

THE 8-BIT BARREL SHIFTER, IMPLEMENTED IN A PLE11P8, ROTATES EIGHT BITS OF DATA 
(D7-D0) A NUMBER OF LOCATIONS INTO THE OUTPUTS (O7-O0) AS SPECIFIED BY THE 
3-BIT BINARY ENCODED SHIFT CONTROL LINE (S2-S0). THE THREE-STATE OUTPUTS ARE 
IN A HIGH-Z STATE WHEN ANY ONE OF THE TWO OUTPUT ENABLE PINS (/El OR /El) ARE 
HIGH. 

A POSSIBLE UPGRADE VERSION OF THIS DESIGN IMPLEMENTED IN A PLE12P8 COULD 
INCLUDE A DIRECTION CONTROL LINE. THIS CONTROL LINE PERMITS THE 8-BIT BARREL 
SHIFTER TO ROTATE DATA IN EITHER DIRECTION (LEFT OR RIGHT) . 

8-BIT BARREL SHIFTER 




8-BIT 
□ATA 
INPUT 



DO- 
D1- 
D2- 
D3- 
D4- 
D5- 
D6- 
D7- 



8-BIT 
BARREL 
SHIFTER 



-00 
►01 
-02 
-03 
-04 
-05 
-06 




3-BIT SHIFT 
CONTROL LINE 



8-BIT 
DATA 
OUTPUT 



Monolithic EftS Memories 
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Random Logic 



8-BIT BARREL SHIFTER (cont'd) 



05 





/S0*/S1*/S2* 


D5 


? 


SHIFT 





PLACES 


+ 


S0*/S1*/S2* 


D6 


? 


SHIFT 


1 


PLACES 


+ 


/SO* Sl*/S2* 


D7 


7 


SHIFT 


2 


PLACES 


+ 


SO* Sl*/S2* 


DO 


; 


SHIFT 


3 


PLACES 


+ 


/S0*/S1* S2* 


Dl 


; 


SHIFT 


4 


PLACES 


+ 


S0*/S1* S2* 


D2 


? 


SHIFT 


5 


PLACES 


+ 


/SO* SI* S2* 


D3 


; 


SHIFT 


6 


PLACES 


+ 


SO* SI* S2* 


D4 




SHIFT 


7 


PLACES 



06 = 


/S0*/S1*/S2* 


D6 


SHIFT 





PLACES 


+ 


S0*/S1*/S2* 


D7 


SHIFT 


1 


PLACES 


+ 


/SO* Sl*/S2* 


DO 


SHIFT 


2 


PLACES 


+ 


SO* Sl*/S2* 


Dl 


SHIFT 


3 


PLACES 


+ 


/S0*/S1* S2* 


D2 


SHIFT 


4 


PLACES 


+ 


S0*/S1* S2* 


D3 


SHIFT 


5 


PLACES 


+ 


/SO* SI* S2* 


D4 


SHIFT 


6 


PLACES 


+ 


SO* SI* S2* 


D5 


SHIFT 


7 


PLACES 



07 





/S0*/S1*/S2* 


D7 


SHIFT 





PLACES 


+ 


S0*/S1*/S2* 


DO 


SHIFT 


1 


PLACES 


+ 


/SO* Sl*/S2* 


Dl 


SHIFT 


2 


PLACES 


+ 


SO* Sl*/S2* 


D2 


SHIFT 


3 


PLACES 


+ 


/S0*/S1* S2* 


D3 


SHIFT 


4 


PLACES 


+ 


S0*/S1* S2* 


D4 


SHIFT 


5 


PLACES 


+ 


/SO* SI* S2* 


D5 


SHIFT 


6 


PLACES 


+ 


SO* SI* S2* 


D6 


SHIFT 


7 


PLACES 



FUNCTION TABLE 

S2 SI SO D7 D6 D5 D4 D3 D2 Dl DO 07 06 05 04 03 02 01 00 



SHIFT 
SSS 


INPUT DATA 
DDDDDDDD 


OUTPUT DATA 
00000000 














210 


76543210 


76543210 


COMMENTS 










LLL 


HLLLLLLL 


HLLLLLLL 


BARREL 


SHIFT 


ONE 


HIGH 





PLACES 


LLH 


HLLLLLLL 


LHLLLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


1 


PLACES 


LHL 


HLLLLLLL 


LLHLLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


2 


PLACES 


LHH 


HLLLLLLL 


LLLHLLLL 


BARREL 


SHIFT 


ONE 


HIGH 


3 


PLACES 


HLL 


HLLLLLLL 


LLLLHLLL 


BARREL 


SHIFT 


ONE 


HIGH 


4 


PLACES 


HLH 


HLLLLLLL 


LLLLLHLL 


BARREL 


SHIFT 


ONE 


HIGH 


5 


PLACES 


HHL 


HLLLLLLL 


LLLLLLHL 


BARREL 


SHIFT 


ONE 


HIGH 


6 


PLACES 


HHH 


HLLLLLLL 


LLLLLLLH 


BARREL 


SHIFT 


ONE 


HIGH 


7 


PLACES 


LLL 


LHHHHHHH 


LHHHHHHH 


BARREL 


SHIFT 


ONE 


LOW 





PLACES 


LLH 


LHHHHHHH 


HLHHHHHH 


BARREL 


SHIFT 


ONE 


LOW 


1 


PLACES 


LHL 


LHHHHHHH 


HHLHHHHH 


BARREL 


SHIFT 


ONE 


LOW 


2 


PLACES 


LHH 


LHHHHHHH 


HHHLHHHH 


BARREL 


SHIFT 


ONE 


LOW 


3 


PLACES 


HLL 


LHHHHHHH 


HHHHLHHH 


BARREL 


SHIFT 


ONE 


LOW 


4 


PLACES 


HLH 


LHHHHHHH 


HHHHHLHH 


BARREL 


SHIFT 


ONE 


LOW 


5 


PLACES 


HHL 


LHHHHHHH 


HHHHHHLH 


BARREL 


SHIFT 


ONE 


LOW 


6 


PLACES 


HHH 


LHHHHHHH 


HHHHHHHL 


BARREL 


SHIFT 


ONE 


LOW 


7 


PLACES 



Random Logic 



PLE11P4 PLE CIRCUIT DESIGN SPECIFICATION 

P5014 CHRIS JAY 05/30/84 

4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT POLARITY 

MMI LTD., FARNBOROUGH, U.K. 

.ADD SO SI INV DO Dl D2 D3 D4 D5 D6 /EN 

.DAT 00 01 02 03 





DO* /SO* /SI* /INV* 


EN 


; SELECT 


INPUT 


DO 


+ 


/D0*/S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/DO 


+ 


Dl* S0*/S1*/INV* 


EN 


• SELECT 


INPUT 


Dl 


+ 


/Dl* S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/Dl 


+ 


D2*/S0* S1*/INV* 


EN 


. SELECT 


INPUT 


D2 


+ 


/D2*/S0* SI* INV* 


EN 


; SELECT 


INPUT 


/D2 


+ 


D3* SO* S1*/INV* 


EN 


. SELECT 


INPUT 


D3 


+ 


/D3* SO* SI* INV* 


EN 


; SELECT 


INPUT 


/D3 




Dl* /SO* /SI* /INV* 


EN 


; SELECT 


INPUT 


Dl 


• 


/D1*/S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/Dl 


+ 


D2* S0*/S1*/INV* 


EN 


; SELECT 


INPUT 


D2 


+ 


/D2* S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/D2 


+ 


D3*/S0* S1*/INV* 


EN 


; SELECT 


INPUT 


D3 


-f. 


/D3*/S0* SI* INV* 


EN 


. SELECT 


INPUT 


/D3 


+ 


D4* SO* S1*/INV* 


EN 


; SELECT 


INPUT 


D4 


+ 


/D4* SO* SI* INV* 


EN 


; SELECT 


INPUT 


/D4 


- 


D2 * /SO* /SI* /INV* 


EN 


* SELECT 


INPUT 


D2 


+ 


/D2*/S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/D2 


+ 


D3* S0*/S1*/INV* 


EN 


; SELECT 


INPUT 


D3 


+ 


/D3* S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/D3 


+ 


D4*/S0* S1*/INV* 


EN 


; SELECT 


INPUT 


D4 


+ 


/D4*/S0* SI* INV* 


EN 


; SELECT 


INPUT 


/D4 


+ 


D5* SO* S1*/INV* 


EN 


; SELECT 


INPUT 


D5 


+ 


/D5* SO* SI* INV* 


EN 


; SELECT 


INPUT 


/D5 




D3*/S0*/S1*/INV* 


EN 


; SELECT 


INPUT 


D3 


+ 


/D3*/S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/D3 


+ 


D4* S0*/S1*/INV* 


EN 


; SELECT 


INPUT 


D4 


+ 


/D4* S0*/S1* INV* 


EN 


; SELECT 


INPUT 


/D4 


+ 


D5*/S0* S1*/INV* 


EN 


; SELECT 


INPUT 


D5 


+ 


/D5*/S0* SI* INV* 


EN 


; SELECT 


INPUT 


A»5 


+ 


D6* SO* S1*/INV* 


EN 


; SELECT 


INPUT 


D6 


+ 


/D6* SO* SI* INV* 


EN 


; SELECT 


INPUT 


/D6 
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4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT POLARITY (cont'd) 
FUNCTION TABLE 

/EN SI SO INV D6 D5 D4 D3 D2 Dl DO 03 02 01 00 
;-CONTROL- 

;/ I -INPUT DATA- OUTPUTS 



E 


S 


S 


N 


D 


D 


D 


D 


D 


D 


D 




















N 


1 





V 


6 


5 


4 


3 


2 


1 





3 


2 


1 





COMMENTS 






H 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


TEST ENABLE, 


OUTPUTS GO LOW 


L 


II 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


SHIFT COUNT 


= o, 


TRUE POLARITY 


L 


L 


H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


SHIFT COUNT 


= 1. 


TRUE POLARITY 


L 


H 


L 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


H 


H 


SHIFT COUNT 


= 2, 


TRUE POLARITY 


L 


H 


H 


L 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


H 


SHIFT COUNT 


= 3, 


TRUE POLARITY 


L 


L 


L 


H 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


L 


SHIFT COUNT 


= 0, 


COMP POLARITY 


I 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 


L 


L 


L 


SHIFT COUNT 


= 1, 


COMP POLARITY 


I 


H 


L 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


L 


L 


SHIFT COUNT 


= 2, 


COMP POLARITY 


L 


H 


H 


H 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


L 


SHIFT COUNT 


= 3, 


COMP POLARITY 
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4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT POLARITY (cont'd) 
DESCRIPTION 

THIS PLE11P4 IMPLEMENTS A 4-BIT RIGHT SHIFTER WITH PROGRAMMABLE OUTPUT 
POLARITY. THE SHIFTER CAN RIGHT SHIFT SEVEN BITS OF DATA, FOUR BITS AT A 
TIME. THE SEVEN DATA INPUTS (D6-D0) ARE SHIFTED 0, I, 2, OR 3 LOCATIONS AS 
DETERMINED BY THE 2-BIT SHIFT CONTROL LINE (S1-S0) . THE SHIFTED DATA IS THEN 
DIRECTED TO THE FOUR OUTPUTS (O3-O0). 



THE OUTPUT DATA IS NONINVERTED (0=D) WHEN INV=L AND INVERTED (0=/D) WHEN 
INV=H. THE OUTPUTS ARE FORCED LOW (0=L) WHEN /EN=H REGARDLESS OF OTHER 
INPUTS. THE PLE11P4 ALSO FEATURES THREE-STATE OUTPUTS WITH ONE ACTIVE LOW 
OUTPUT ENABLE (/E) . 

A POSSIBLE UPGRADE VERSION OF THIS DESIGN IMPLEMENTED IN A PLE12P4 COULD 
INCLUDE A DIRECTION CONTROL LINE. THIS CONTROL LINE PERMITS THE 4-BIT RIGHT 
SHIFTER TO SHIFT DATA IN EITHER DIRECTION (LEFT OR RIGHT) . 

OPERATIONS TABLE: 



/EN 



INV S1-S0 



D6-D0 03-00 



OPERATION 



H 


X 


X 


X 


L 


L 


N 


D 


L 


H 


N 


D 



L DISABLE OUTPUTS LOW 

SHIFT (D) SHIFT NONINVERTED DATA "N" PLACES 

SHIFT (/D) SHIFT INVERTED DATA "N" PLACES 



4-BIT RIGHT SHIFTER 
WITH PROGRAMMABLE 
OUTPUT POLARITY 



SEVEN 
DATA 
INPUTS 



D0- 
D1- 
02- 
D3- 
D4- 
05- 
D6- 



4-BIT 
RIGHT 
SHIFTER 
WITH 
PROGRAMMABLE 
OUTPUT 
POLARITY 



MM 

S1 SO INV EN E 




PLE11P4 



SHIFT 
CONTROL 
LINE 




KM 
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PLE8P8 
P5015 

8-BIT TWO'S COMPLEMENT CONVERSION 
MMI BREA, CALIFORNIA 
.ADD DO Dl D2 D3 D4 D5 D6 D7 
.DAT YO Yl Y2 Y3 Y4 Y5 Y6 Y7 



PLE CIRCUIT DESIGN SPECIFICATION 
MIKE VOGEL 11/28/83 



YO = DO 

Yl = Dl :+: DO 

Y2 = D2 :+: DO + Dl 

Y3 = D3 :+: DO + Dl + D2 

Y4 = D4 :+: DO + Dl + D2 + D3 

Y5 = D5 :+: DO + Dl + D2 + D3 + D4 

Y6 = D6 :+: DO + Dl + D2 + D3 + D4 + D5 

Y7 = D7 :+: DO + Dl + D2 + D3 + D4 + D5 + D6 

FUNCTION TABLE 



; CONVERT 1ST BIT (LSB) 

; CONVERT 2ND BIT 

; CONVERT 3RD BIT 

; CONVERT 4TH BIT 

; CONVERT 5TH BIT 

; CONVERT 6TH BIT 

; CONVERT 7TH BIT 

; CONVERT 8TH BIT (MSB) 



37 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


Y7 


Y6 


Y5 


Y4 


Y3 


Y2 


Yl 


YO 


;DECIMJ 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 





L 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


H 


1 


L 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


H 


3 


L 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


H 


7 


L 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


H 


15 


L 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


H 


31 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


H 


63 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


H 


127 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


L 


255 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


254 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


252 


B 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


248 


H 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


240 


H 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


224 


H 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


192 


H 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


L 


L 


128 



8-BIT 
BINARY 
NUMBER 



TWO'S 
COMPLEMENT 
CONVERSION 



TWO'S 
COMPLEMENT 
REPRESENTATION 
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8-BIT TWO'S COMPLEMENT CONVERSION (cont'd) 
DESCRIPTION 



THIS PLE8P8 CONVERTS AN 8-BIT BINARY NUMBER (D7-D0) INTO TWO'S COMPLEMENT 
REPRESENTATION (Y7-Y0) WHERE D7 AND Y7 ARE THE MSB AND DO AND YO ARE THE LSB. 



TWO'S COMPLEMENT REPRESENTATION IS USED IN SIGNED ARITHMETIC SYSTEMS. 



8-BIT TWO'S COMPLEMENT 
CONVERSION 

PLE8P8 
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PLE5P8 PLE CIRCUIT DESIGN SPECIFICATION 

P5027 S. HORIKO 11/29/83 

A PORTION OP TIMING GENERATOR FOR PAL ARRAY PROGRAMMING 
MMI JAPAN 

.ADD AO Al A2 A3 A4 

.DAT NAO NAl NA2 NA3 NA4 TIALR TVCC TO 



; NEXT ADDRESS GENERATOR 

NAO = /AO 

NAl - AO 
:+: Al 

NA2 - A2 

AO* Al 

A3 

AO* Al* A2 

NA4 = A4 

AO* Al* A2* A3 



: + : 

NA3 = 
:+: 



:+: 

; TIMING WAVEFORMS 

TIALR = /A4*/A3 

+ /A4* /A2*/A1 

TVCC = /A4*/A3* A2 

+ /A4* A3*/A2*/A1 

TO = /A4* A3*/A2*/A1*/A0 
+ /A4*/A3* A2* Al 
+ /A4*/A3* A2* AO 



; INCREMENT ER (LSB) 
; INCREMENT ER (BIT1) 

; INCREMENT ER (BIT2) 

(BIT3) 



; INC 

; INCREMENT ER (MSB) 



; TIMING FOR I, A AND L/R 
; TIMING FOR VCC 



; TIMING FOR 
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TIMING GENERATOR FOR PAL PROGRAMMING (cont'd) 



FUNCTION 


TABLE 














A4 A3 A2 


Al AO NA4 NA3 NA2 NA1 NAO TIALR TVCC TO 






; 


NNNNN 














; AAAAA 


AAAAA 


TIMING 


WAVEFORMS 








; 43210 


43210 


TIALR 




XVI 


; ## ; 


COMMENTS 




LLLLL 


LLLLH 


H 


T 

to 


T 

to 


; 01 ; 


ASSERT TIALR 




LLLLH 


LLLHL 


H 


r 
to 


T 

ii 


; 02 ; 






LLLHL 


LLLHH 


H 


L 


L 


; 03 ; 






LLLHH 


LLHLL 


H 


T 
If 


tl 


; 04 ; 






LLHLL 


LLHLH 


H 


H 


L 


; 05 ; 


ASSERT TVCC 




LLHLH 


LLHHL 


H 


H 


H 


1 06 ; 


ASSERT TO 




LLHHL 


LLHHH 


H 


H 


H 


; 07 ; 






T.T.HHH 


LHLLL 


H 


H 


H 


; 08 ; 






LHLLL 


LHLLH 


H 


H 


H 


• 09 ; 






LHLLH 


LHLHL 


H 


H 


L 


; 10 ; 


CLEAR TO 




LHLHL 


LHLHH 


L 


L 


L 


; 11 ; 


CLEAR TIALR 


i TVCC 


LHLHH 


LHHLL 


L 


L 


L 


; 12 ; 






LHHLL 


LHHLH 


L 


L 


T 


; 13 ; 






LHHLH 


LHHHL 


L 


L 


L 


; 14 ; 






LHHHL 


LHHHH 


L 


L 


L 


; 15 ; 






LHHHH 


HLLLL 


L 


L 


L 


; 16 ; 






HLLLL 


HLLLH 


L 


L 


L 


; 17 ; 




HLLLH 


HLLHL 


L 


L 


L 


; 18 ; 






HLLHL 


HLLHH 


L 


L 


L 


; 19 ; 






HLLHH 


HLHLL 


L 


L 


L 


; 20 ; 






HLHLL 


HLHLH 


L 


L 


L 


• 21 ; 






HLHLH 


HLHHL 


L 


L 


L 


; 22 ; 






HLHHL 


HLHHH 


L 


L 


L 


; 23 ; 






HLHHH 


HHLLL 


L 


L 


L 


; 24 ; 






HnJjijii 


HHLLH 


L 


L 


L 


1 25 ; 






HHLLH 


HHLHL 


L 


L 


L 


; 26 ; 






HHLHL 


HHLHH 


L 


L 


L 


; 27 ; 






HHLHH 


HHHLL 


L 


L 


L 


; 28 ; 






BHHT.T. 


HHHLH 


L 


L 


L 


; 29 ; 






HHHLH 


HHHHL 


L 


L 


L 


; 30 ; 






HHHHL 


HHHHH 


L 


L 


L 


; 31 ; 






HHHHH 


LLLLL 


L 


L 


L 


; 32 ; 
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TIMING GENERATOR FOR PAL PROGRAMMING (cont'd) 
DESCRIPTION 

THIS LOGIC SPECIFICATION IS A TIMING SIGNAL GENERATOR TO BE USED FOR 
ARRAY PROGRAMMING OF PAL DEVICES. A PLE5P8 FOLLOWED BY AN 8-BIT 
REGISTER ARE USED TO IMPLEMENT THIS FUNCTION. 

THE PLE CONTAINS BOTH 5-BIT NEXT ADDRESS AND 3-BIT WAVEFORMS. TIALR 
OUTPUT IS A TIMING WAVEFORM FOR I, A, AND L/R SIGNALS, AND TVCC AND 
TO OUTPUTS ARE USED FOR VCC AND SIGNALS, RESPECTIVELY. 

THE SCHEMATIC IS AS FOLLOWS: 



A(0:4) 



8-BIT 
REGISTER 



CLK 
RESET 



TIALR, TVCC 
TO 



NA(0:4) 



APPLYING 200KHZ CLOCK SIGNAL TO THE CLK INPUT OF THE REGISTER 
GENERATES THE FOLLOWING TIMINGS: 

1. I, A, AND L/R WIDTH : 50 usee 

2. tD2 : 20 usee 

3. tD : 5 usee 

4. tVCCP : 30 usee 

5. Tp : 20 usee 

BECAUSE THE TIMING PATTERNS ARE STORED IN THE PROM, WE CAN EASILY 
CALIBRATE THE RELATIONS AND THE PERIOD AMONG THOSE SIGNALS TO MAKE 
AN OPTIMUM CONDITION. 



A PORTION OF A 
TIMING GENERATOR FOR 
PAL LOGIC CIRCUIT ARRAY PROGRAMMING 

PLE5P8 




AND 

OR 
GATE 

NA4 ARRAY 



TIALR ^ - 
TVCC ^ - 



GND 



E 



- 77] ai 

- 10l AO 

- T| TO 
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PLE5P8 PLE CIRCUIT DESIGN SPECIFICATION 

P5028 S. HORIKO 11/29/83 

TIMING GENERATOR FOR PAL DEVICE SECURITY FUSE PROGRAMMING 
MMI JAPAN 

.ADD AO Al A2 A3 A4 

.DAT NAO NA1 NA2 NA3 NA4 TVCC TP01 TP11 



; NEXT ADDRESS GENERATOR 

• ( THE COUNTER LOCKS UP AT COUNT- 2 2 ) 



NAO 



-/* 

+ /« 



/A4* /A1*/A0 
/A4* A1*/A0 
+ A4*/A3*/A2* /AO 
+ A4*/A3* A2*/A1 



; INCREMENT ER (LSB) 

; INCREMENTER (LSB) 

; INCREMENTER (LSB) 

; INCREMENTER (LSB) 



NA1 - /A4* /Al* AO 

+ /A4* A1*/A0 
+ A4*/A3*/A2*/A1* AO 
+ A4*/A3*/A2* A1*/A0 

NA2 - /A4* A2*/A1 

+ /A4* A2* /AO 

+ /A4* /A2* Al* AO 
+ A4*/A3* A2*/A1 
+ A4*/A3*/A2* Al* AO 

NA3 = /A4* A3*/A2 

+ /A4* A3* /Al 

+ /A4* A3* /AO 

+ /A4*/A3* A2* Al* AO 

NA4 - /A4* A3* A2* Al* AO 
+ A4*/A3*/A2 
+ A4*/A3* /Al 



INCREMENTER (BIT1) 

INCREMENTER (BIT1) 

, INCREMENTER (BIT1) 

; INCREMENTER (BIT1) 



INCREMENTER (BIT2) 

INCREMENTER (BIT2) 

INCREMENTER (BIT2) 

• INCREMENTER (BIT2) 

; INCREMENTER (BIT2) 

; INCREMENTER (BIT3) 

; INCREMENTER (BIT3) 

; INCREMENTER (BIT3) 

; INCREMENTER (BIT3) 



(MSB) 

; INCREMENTER (MSB) 
; INCREMENTER (MSB) 



; TIMING WAVEFORMS 
TVCC = /A4 



+ 
+ 



A4*/A3*/A2*/A1 
A4*/A3*/A2* /AO 



TP01 » /A4*/A3* A2 

+ /A4*/A3* Al 

+ /A4*/A3* AO 

+ /A4* A3*/A2*/A1*/A0 



; TIMING FOR VCC 



TIMING FOR PIN 01 



TP11 - /A4* A3* A2 

+ /A4* A3* Al 
+ A4*/A3*/A2*/A1 



TIMING FOR PIN 11 
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A4 A3 A2 Al AO NA4 NA3 NA2 KA1 NAO TVCC TP01 TP11 
; NNNNN 



AAAAA 


AAAAA 


TIMING 


WAVEFORMS 






43210 


43210 


TVCCP 


TP01 


TP11 


; ## ! 


COMMENTS 


T T T T T 


LLLLH 


B 

ii 


L 


L 


; 01 ; ASSERT TVCC, START HERE 


LLLLH 


LLLHL 


g 


H 


L 


; 02 ; ASSERT TP01 


LLLHL 


LLLHH 


g 


H 


L 


; 03 ; 


LLLHH 


LLHLL 


g 


H 


L 


; 04 ; 


LLHLL 


LLHLH 


g 


H 


L 


; 05 ; 


T.T.TTT.T? 

III ItlLlkl 


T.T.HHTi 
lit 


H 


H 


L 


; 06 ; 


LLHHL 


LLHHH 


H 


H 


L 


; 07 




TJ.HHH 

\ t 1 ' kill L I 


LHLLL 


H 


H 


L 


; 08 




LHLLL 


LHLLH 


H 


H 


L 


; 09 


CLEAR TP01 


LHLLH 

1 if r F " 


LHLHL 


H 


L 


L 


; 10 


ASSERT TP11 


LHLHL 


LHLHH 


H 


L 


H 


f 11 




LHLHH 


LHHLL 


H 


L 


H 


; 12 




LHHLL 


LHHLH 


H 


L 


H 


; 13 




LHHLH 


LHHHL 


H 


L 


H 


; 14 




LHHHL 


LHHHH 


H 


L 


H 


; 15 




LHHHH 


HLLLL 


H 


L 


H 


; 16 ; 


HLLLL 


HLLLH 


H 


L 


H 


; 17 ; 


HLLLH 


HLLHL 


H 


L 


H 


> 18 ; 


HLLHL 


HLLHH 


H 


L 


L 


; 19 ; CLEAR TP11 


HLLHH 


HLHLL 


L 


L 


L 


; 20 ; CLEAR TVCC 


HLHLL 


HLHLH 


L 


L 


L 


; 21 ; 


HLHLH 


HLHLH 


L 


L 


L 


; 22 j LOOP HERE UNTIL RESET 
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DESCRIPTION 



THIS LOGIC SPECIFICATION IS A TIMING SIGNAL GENERATOR TO BE USED FOR 
SECURITY FUSE PROGRAMMING OF PAL DEVICES. A PLE5P8 FOLLOWED BY AN 
8 -BIT REGISTER ARE USED TO IMPLEMENT THIS FUNCTION. 



THE PLE LOGIC CIRCUIT CONTAINS TWO FUNCTIONS IN THE SINGLE CHIP. THE FIRST 
FUNCTION IS A UNIQUE COUNTER USED FOR NEXT ADDRESS GENERATION. THE COUNTER 
INCREMENTS UP TO COUNT-21 AND THEN LOCKS UP THE INCREMENTAL OPERATION AT 
COUNT-22. THE SECOND FUNCTION IS A TIMING GENERATOR USED FOR DEFINING 
TIMING RELATIONSHIP AMOUNG VCC, P01, AND Pll SIGNALS. 



THE SCHEMATIC IS AS FOLLOWS: 



A(0:4) 



PLE5P8 




8-BIT 






REGISTER 






A 



CLK- 
RESET- 



TVCC, TP01, 
TP11 



NA(0:4) 



THIS LOGIC OUTPUTS A SEQUENCE OF TIMING PATTERNS DURING THE INCREMENTAL 
OPERATION AND THEN HOLDS ALL OUTPUTS LOW UNTIL A RESET SIGNAL FOR THE 
8-BIT REGISTER IS APPLIED. 



APPLYING 200 KHz CLOCK SIGNAL TO THE CLK INPUT OF THE REGISTER, THE 
FOLLOWING TIMINGS ARE GENERATED: 



1. VCC WIDTH 

2. TPP 

3. tD 



: 95 usee 
: 40 usee 
: 5 usee 



BY APPLYING THIS DESIGN METHOD, WE CAN EASILY GENERATE A SEQUENCE OF 
UNIQUELY DEFINED PATTERNS EACH TIME THE RESET PULSE IS APPLIED. 

TIMING GENERATOR FOR PAL 
SECURITY FUSE PROGRAMMING 

PLE5P8 
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Fast Arithmetic Look-up 



Fast Arithmetic Look-up 

In performing arithmetic operations like trigonometric functions, 
multiplicationsand division, in order to reduce the delay, look-up 
tables are often used. 

Sine Look-up 

For trigonometric functions like sine function, it is very time- 
consuming to generate the function using the polynomial which 
represents the function. PLE devices can provide a very good 
alternative for sine look-up. An example is to use a 2Kx8 PLE 
device to do a sine look-up of an 11 -bit input to 8-bit sine 
outputs. 

Since sine function has the following property: sin (x) = sin (n-x) 
= -sin {it + x) = -sin (2w-x.) - sin (2w + x), what is needed is just the 
sine function for < x < n72; the rest can be easily calculated 
using the above relations. In order to fully utilize the dynamic 
range, the inputs of the sine look-up PLE device should be 
normalized to [iv/2) I (2 n ) = 7r/[2 n + 1 ) where n is the number of 
address lines to the device. 

Since n is fixed for the PLE device chosen, and n is a constant, 
for the look-up table Tr/[2 n + 1 ] is a constant. Therefore, if the 
sine function of a given x is to be found, x will first be multiplied 
by the constant [2 n + 1 ]/tt and sent to the address of the PLE 
device to get the final result. 

Cos (x) is related to sine function as sin (ir/2-x). Thus the cosine 
function can also be found in the same manner by using n-/2-x 
instead of just x. Other functions like tangent, secant etc., can 
also be found as a function of sine. 

To increase the dynamic range of outputs, we can just use 
another PLE device to generate the less-significant bits of the 
sine function. 

If a larger dynamic range is needed for the inputs, the result may 
be approximated using the Taylor series: 

f (X) = f (XO) + f (XO) (X - XO) + 1/2f" (XO) (X - XO) 2 + ... 

where f and f" are the first and second derivations of f. Since XO 
by itself represents a resolution of 2~ n , and X is XO concatenated 
with the rest of the bits, X - XOmust lie between and 1/2~ n . For 
f (X) = sin (X). 

f (XO) = sin (XO) 
f (XO) = cos (XO) 
and f" (XO) = -sin (XO) 

So f" (XO) is between -1 and for XO lies between and w/2 and 
X - XO <2" n . Therefore, the last term will be between ' 1 /2 n and 0, 
and as long as we do not want to expand the dynamic range of X 
beyond 2n-bits, it should be sufficient to approximate sin (X) in 
the first two terms: 

sin (X) + sin (XO) + cos (XO) (X-XO) 



Since X-XO is represented by only the bits after the more 
significant n-bits, and cos (XO) = sin (tt/2-XO). the implemen- 
tation will be very simple. 

Division 

Division will normally be much slower than multiplication. There 
are several ways to perform division. Bit-by-bit division restoring 
and nonrestoring algorithms are generally very slow. Another 
way is to use several bits at a time division which is faster than 
the previous methods. A third way is to multiply the dividend by 
the inverse of the divisor. The inverse of the divisor can be found 
by getting an approximation followed by iterations. 

The approximation is again given by the Taylor series: 

f(X) \ f (X0) + f (XO) (X-XO) + 1/2 f" (XO) (X-XO) 2 + ... 

and f (XO) = 1/X0 
V (XO) = -1/X0 2 
f" (XO) = 2/XO 3 

Say XO is 8-bits long and the first approximation of the inverse is 
found using a 256x8 PLE device. The first approximation can be 
obtained by subtracting (X-X0)/(X0 2 ). Since the first approxi- 
mation is limited by an error of approximately (X-X0) 2 /X0 2 , and 
if XO at least 1, the error is limited by approximately (X-XO) 2 . 
Since XO has an 8-bit resolution, X-XO is represented by the rest 
of the bits. The resolution of the second approximation will be 
about 16 bits. The third approximation is similarly deduced and 
has a resolution of about 32 bits, and the fourth has a resolution 
of about 64 bits. 

The inverse thus obtained is then multiplied by the dividend to 
give the quotient. 

Scaling 

In arithmetic operations, scaling is sometimes needed. Scaling 
normally involves multiplication or division by a constant. If this 
constant can be expressed in 2 n where n is an integer, then 
scaling is simply shitting. Scaling with other constants may need 
a multiplier. A multiplier is more expensive and has a higher pin 
count than using a PLE device because the constant that the 
operand is to be scaled by is not required as an input as in the 
case of a multiplier. This will tremendously reduce the overhead 
for data scaling. 

Other Applications 

Arithmetic look-up are also very useful for arithmetic operations 
where conventional binary integral arithmetic is not applicable 
—like residue arithmetic, and distributed arithmetic. 
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PLE8P8 
P5018 

4-BIT MULTIPLIER LOOK-UP TABLE 
MMI SANTA CLARA, CALIFORNIA 
. ADD XO XI X2 X3 YO Yl Y2 Y3 
.DAT SO SI S2 S3 S4 S5 S6 S7 



PLE CIRCUIT DESIGN SPECIFICATION 
VINCENT COLI 12/08/82 



S7,S6,S5,S4,S3,S2,S1,S0 = X3,X2,X1,X0 .*. Y3,Y2,Y1,Y0 
FUNCTION TABLE 

X3 X2 XI XO Y3 Y2 Yl YO S7 S6 S5 S4 S3 S2 SI SO 



; S = X * Y 



; -OPERANDS- PRODUCTS 
jXXXX YYYY SSSSSSSS 
;3210 3210 76543210 



COMMENTS 



LLLL LLLL 

LLLH HHHH 

HHHH LLLH 

HHHH HHHH 



LLLLLLLL 
LLLLHHHH 
LLLLHHHH 
HHHLLLLH 



0*0= 
1 * 15 = 15 
15 * 1 = 15 
15 * 15 = 225 



DESCRIPTION 

THIS PLE8P8 PERFORMS 4-BIT LOOK-UP TABLE MULTIPLICATION. THE DEVICE 
ACCEPTS TWO 4-BIT OPERANDS (X3-X0 AND Y3-Y0) TO PRODUCE THE 8-BIT 
PRODUCT (S7-S0). THE PLE8P8 ALSO HAS THREE-STATE OUTPUTS WITH TWO 
ACTIVE- LOW OUTPUT ENABLE CONTROL PINS (/El AND /E2) . 



S7 S6 



X3 X2 XI X0 I two 4 -BIT 
Y3 Y2 Yl Y0 | 



S5 S4 S3 S2 SI 



8-BIT PRODUCT 



JUL 



4-BIT 
MULTIPLIER 
LOOK-UP TABLE 



T 



xo|T 

xi [T 

X2 ^ 



4-BIT MULTIPLIER 
LOOK-UP TABLE 
PLE8P8 



E 
E 



AND 
OR 
GATE 
ARRAY 



m] vcc 

ID 



Y3 
l!] Y2 



u\ Y1 

L 75] E1 
u] S7 

-HlU 13] S6 
S5 

■hU It] S4 
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PLE5P8 
P5023 

ARC TANGENT LOOK-UP TABLE 

MMI GMBH MUNICH 

. ADD AO Al A2 A3 A4 

.DAT FO Fl F2 F3 F4 F5 F6 F7 



CIRCUIT DESIGN SPECIFICATION 
PETER ZECHERLE 03/06/84 



FO = Al* /A3*/A4 

+ A2*/A3 

+ A0*/A1* A3*/A4 

+ /AO* Al* /A4 

+ /A0*/A1* /A3* A4 

+ AO* A2 

+ Al* A2 

Fl = /Al* A3*/A4 

+ AO* /A3* A4 

+ Al* /A3* A4 

+ A2*/A3* A4 

+ AO* Al* /A3 

+ AO* A2*/A3 

+ /AO* Al* A2* /A4 

+ AO* /A2* A3*/A4 

F2 = AO* /A3*/A4 

+ Al*/A2* /A4 

+ A3* A4 

+ /AO* A2* A3*/A4 

+ /Al* A2* A3*/A4 

F3 - Al*/A2* /A4 

+ /Al* A2* /A4 

+ /AO* A3*/A4 

+ /Al* A3*/A4 

F4 = /Al* A3*/A4 

+ AO* Al*/A2* /A4 

+ Al* A2*/A3*/A4 

+ /AO* A3*/A4 

F5 = A0*/A1* /A4 

+ A2*/A3*/A4 

+ /A2* A3*/A4 

+ /AO* A3*/A4 

F6 = A0*/A1*/A2*/A3 

+ AO* Al* A2* A3 

+ A4 



; COMPUTE DIGIT FOR 2EXP-7 (0.00078125) (LSB) 



? COMPUTE DIGIT FOR 2EXP-6 (0.015625) 



; COMPUTE DIGIT FOR 2EXP-5 (0.03125) 



; COMPUTE DIGIT FOR 2EXP-4 (0.0625) 



; COMPUTE DIGIT FOR 2EXP-3 (0.125) 



; COMPUTE DIGIT FOR 2EXP-2 (0.25) 
; COMPUTE DIGIT FOR 2EXP-1 (0.5) 



F7 = Al 

+ A2 

+ A3 

+ A4 



; COMPUTE DIGIT FOR 2EXP0 (1) (MSB) 
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ARC TANGENT LOOK-UP TABLE (cont'd) 
BLE 



FUNCTION TAB: 

. ANGLE— 

; INTEGER 



-F 



INTEGER 



ARCTAN (A) 

FRACTIONS 



— F = ARCTAN (A) 



A4 A3 A2 Al AO 


F7 


F6 


F5 


F4 


F3 


F2 


Fl 


FO 


; ANGLE 


LOOK-UP 


CALCULATED 


L L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 





0.0000 


0.0000 


L L 


L 


L 


H 


L 


H 


H 


L 


L 


H 


L 


L 


1 


0.7813 


0.7854 


L L 


L 


H 


L 


H 


L 


L 


L 


H 


H 


L 


H 


2 


1.1016 


1.1071 


L L 


H 


L 


L 


H 


L 


H 


L 


H 


L 


L 


H 


4 


1.3203 


1.3258 


L L 


H 


L 


H 


H 


L 


H 


L 


H 


H 


H 


H 


5 


1.3672 


1.3734 


L H 


L 


L 


Ei 


H 


L 


H 


H 


H 


L 


H 


L 


8 


1.4531 


1.4464 


H L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


L 


H 


16 


1.5078 


1.5084 


H H 


H 


H 


H 


H 


H 


L 


L 


L 


H 


L 


H 


31 


1.5391 


1.5385 

































DESCRIPTION 



THIS APPLICATION ILLUSTRATES THE CALCULATION OF THE ARC TANGENT FUNCTION USING 
A PLE5P8 AS A LOOK-UP TABLE. OTHER TRIGONOMETRIC FUNCTIONS (SUCH AS SINE, 
COSINE, COTANGENT, SECANT, COSECANT AND THEIR ARC INVERSE EQUIVALENT FUNCTIONS) 
OR HYPERBOLIC FUNCTIONS CAN ALSO BE CONSTRUCTED USING PLE DEVICES AS LOOK-UP TABLES. 



F = ARCTAN (A) 



WHERE F = ARC TANGENT OF A 
A = ANGLE IN RADIANS 



EXAMPLE: FOR A = 5, F = ARCTAN ( 5 ) - 1.3672 



A PLE 1EVICE WITH MORE INPUTS, SUCH AS THE PLE11P8 , SHOULD BE USED TO CONSTRUCT A 
LOOK-UP TABLE WHEN ADDITIONAL ACCURACY IS REQUIRED. 

ARC TANGENT 
LOOK-UP TABLE 

PLE5P8 




Y = ARC TAN X 



ANGLE ( 

in a — y- 

RADIANS | 5 



ARC TANGENT 
LOOK-UP TABLE 



ARC TANGENT 
OF A 
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HYPOTENUSE OF A RIGHT TRIANGLE LOOK-UP TABLE 

MMI GMBH MUNICH 

.ADD AO Al BO Bl B2 

.DAT CO CI C2 C3 C4 C5 C6 C7 



CO = A0*/B2* Bl 

+ /Al* AO* B2*/B1 

+ Al* /B2* BO 

+ Al* /B2* Bl 

+ A1*/A0* B2*/B1*/B0 

+ Al* AO* Bl* BO 

+ A0*/B2* BO 

CI = AO* B1*/B0 

+ /Al* AO* B2 
+ Al*/A0*/B2* BO 
+ Al*/AO* B2* /BO 
+ AO* B2* BO 

+ Al* AO* Bl 

C2 = A0*/B2* BO 

+ /Al* A0*/B2* Bl 
+ Al*/AO* B2*/B1 
+ Al* AO* B2* Bl 
+ Al* /B2*/B1* BO 

C3 = /Al* A0*/B2*/B1* BO 
+ A1*/A0* Bl*/BO 
+ A1*/A0* B2 
+ Al* B2* BO 

C4 = Al*/A0*/B2* Bl 

+ Al* AO* B2*/B1* BO 
+ Al* AO* Bl*/BO 

C5 = /Al* BO 
+ A0*/B2*/B1 
+ /AO* Bl* BO 

+ B2* BO 

+ Al* A0*/B2* /BO 
+ Al* AO* /Bl 

C6 = /Al* Bl 
+ Al* /B2*/B1 
+ B2* Bl 

+ /AO* Bl 

+ B1*/B0 



; COMPUTE DIGIT FOR 2EXP-5 (0.03125) (LSB) 



; COMPUTE DIGIT FOR 2EXP-4 (0.0625) 



; COMPUTE DIGIT FOR 2EXP-3 (0.125) 

; COMPUTE DIGIT FOR 2EXP-2 (0.25) 

; COMPUTE DIGIT FOR 2EXP-1 (0.5) 

; COMPUTE DIGIT FOR 2EXP0 (1) 



C7 = B2 
+ Al* AO* 



Bl* BO 



; COMPUTE DIGIT FOR 2EXP1 (2) 



; COMPUTE DIGIT FOR 2EXP2 (4) (MSB) 
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; -LENGTH OF SIDES- 
;SIDE A SIDE B 
Al AO B2 Bl BO 



LENGTH OF THE HYPOTENUSE 

INTEGER FRACTION SIDES 

C7 C6 C5 C4 C3 C2 CI CO ;A B 



LENGTH OF HYPOTENUSE 
LOOK-UP CALCULATED 



L 


L 


L 


L 


L 


L L 


L 


L 


L L 


L 


L 





0.00 


0.00 


L 


L 


L 


L 


H 


L L 


H 


L 


L L 


L 


L 


1 


1.00 


1.00 


L 


L 


L 


H 


L 


L H 


L 


L 


L L 


L 


L 


2 


2.00 


2.00 


L 


L 


H 


L 


L 


H L 


L 


L 


L L 


L 


L 


4 


4.00 


4.00 


L 


H 


L 


t 


L 


L L 


H 


L 


L L 


L 


L 


1 


1.00 


1.00 


H 


L 


L 


L 


L 


L H 


L 


L 


L L 


L 


L 


2 


1.00 


1.00 


H 


L 


L 


H 


L 


L H 


L 


H 


H L 


L 


H 


2 2 


2.78 


2.83 


H 


L 


H 


L 


L 


H L 


L 


L 


H H 


H 


H 


2 4 


4.47 


4.47 


H 


H 


L 


H 


L 


L H 


H 


H 


L L 


H 


H 


3 2 


3.59 


3.61 


H 


H 


H 


H 


H 


H H 


H 


L 


H H 


H 


H 


3 7 


7.47 


7.62 



HYPOTENUSE OF A RIGHT 
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HYPOTENUSE OF A RIGHT TRIANGLE LOOK-UP TABLE (cont'd) 
DESCRIPTION 

THE GENERATION OF COMPLEX ARITHMETIC FUNCTIONS SUCH AS THE PYTHAGOREAN 
THEOREM IS GENERALLY VERY DIFFICULT TO IMPLEMENT DIRECTLY IN HARDWARE. 
HOWEVER, IMPLEMENTING THE FUNCTION AS A LOOK-UP TABLE USING A PLE GREATLY 
SIMPLIFIES THE PROBLEM. 

THIS EXAMPLE ILLUSTRATES HOW TO IMPLEMENT A LOOK-UP TABLE IN A PLE5P8 WHICH 
CALCULATES THE LENGTH OF THE HYPOTENUSE OF A RIGHT TRIANGLE AS A FUNCTION OF 
THE LENGTH OF THE TWO REMAINING SIDES OF THE TRIANGLE. THE THEOREM OF 

PATHAGOREAN STATES THAT THE LENGTH OF THE HYPOTENUSE OF A RIGHT TRIANGLE IS 

EQUAL TO THE SQUARE ROOT OF THE SUM OF THE SQUARE OF THE OTHER TWO SIDES OR 

C = SQRT(A**2 + B**2). THE INPUTS, "A" AND "B", CORRESPOND TO THE SIDES 

ADJACENT TO THE RIGHT ANGLE (I.E. 90 DEGREE ANGLE), WHILE THE OUTPUT, "C" , 

CORRESPONDS TO THE SIDE OPPOSITE TO THE RIGHT ANGLE WHICH IS CALLED THE 

HYPOTENUSE. 



C = SQRT(A**2 + B**2) WHERE C = LENGTH OF SIDE C (THE HYPOTENUSE) 

A = LENGTH OF SIDE A 
B = LENGTH OF SIDE B 

EXAMPLE: FOR A = 2 AND B = 4 , C = SQRT(2**2 + 4**2) = 4.47 




A b 

i i 

HYPOTENUSE OF A 
RIGHT TRIANGLE 
LOOK-UP TABLE 
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PLE5P8 
P5025 

PERIMETER OF A CIRCLE LOOK-UP 
MMI GMBH MUNICH 
.ADD RO Rl R2 R3 R4 



PLE CIRCUIT DESIGN SPECIFICATION 
PETER WITTFOTH 06/02/84 



.DAT P0 



P0 



PI P2 P3 P4 P5 P6 P7 



/Rl* R2*/R3*/R4 



+ /R0*/R1* R2* /R4 
+ Rl* R2* R4 

+ Rl*/R2*/R3 
+ R0*A1*/R2* R3 
+ /RO* Rl*/R2 
+ Rl*/R2* /R4 

+ /Rl*/R2* R4 



PI = RO* /R2*/R3 
+ /RO* Rl* R2*/R3 
+ /RO* /R2* R3 
+ RO* R2* R3 

+ /RO* R2*/R3* R4 

+ R0*/R1* R2* /R4 
+ /Rl* R2* R3*/R4 

+ RO* Rl* R3* R4 



; COMPUTE DIGIT FOR 2 EXPO (1) (LSB) 



; COMPUTE DIGIT FOR 2EXP1 (2) 



: 




R0*/R1* /R3*/R4 
RO* Rl*/R2*/R3* R4 

* Rl* R2* R3* R4 

* Rl*/R2* /R4 
Rl* R2*/R3*/R4 

* Rl* R3*A4 
*/Rl*/R2* R4 

/Rl* R2*/R3* R4 
*/Rl* R3* R4 



COMPUTE DIGIT FOR 2EXP2 (4) 



/RO* Rl*/R2* /R4 
R0*A1*/R2* R3 
R0*/R1*/R2* R4 
/R2* R3* R4 
R2*/R3*/R4 
R2* R3*/R4 
Rl* R2* R3*/R4 
R2*/R3* R4 
Rl* R2*A3* R4 
/RO* Rl* R2* R4 
/R0*/R1* R2*/R3 



RO* 
RO* 
/RO* 

/RO* 



I 

; COMPUTE DIGIT FOR 2EXP3 (8) 



P4 = RO* R1*A2*/R3 

+ Rl*/R2*/R3* R4 

+ /R0*/R1* R2*/R3 
+ R0*/R1* R2* /R4 
+ /Rl*/R2* R3 

+ /RO* Rl* R3*/R4 
+ Rl* R2* R3*/R4 

+ /Rl* R3* R4 

+ /RO* R2* R3* R4 



COMPUTE DIGIT FOR 2EXP4 (16) 
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PERIMETER OF A CIRCLE LOOK-UP TABLE (cont'd) 



P5 = 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



Rl* R2*/R3*/R4 
/Rl*/R2* R3*A4 
/R2*/R3* R4 
Rl*/R2* R4 
/Rl* R2* R3* R4 
/RO* Rl*/R2* R3 
/R0*/R1* R2* R4 
/RO* R2* R3* R4 



COMPUTE DIGIT FOR 2EXP5 (32) 



P6 = RO* Rl* R3*/R4 
+ /R0*/R1* /R3* R4 
+ R2* R3*/R4 

+ /R2*/R3* R4 

+ RO* Rl* R2* R3 



; COMPUTE DIGIT FOR 2EXP6 (64) 



P7 = RO* 

+ Rl* 
+ 



R2* R4 
R2* R4 
R3* R4 



; COMPUTE DIGIT FOR 2EXP7 (128) (MSB) 



FUNCTION TABLE 



-RADIUS — 
INTEGER 



MSB 



-PERIMETER- 
INTEGER 



LSB 



PERIMETER OF A CIRCLE 



R4 


R3 


R2 


Rl 


RO 


P7 


P6 


P5 


P4 


P3 


P2 


PI 


PO 


; RADIUS 


LOOK-UP 


CALCULATED 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 








0.0 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


H 


H 


L 


1 


6 


6.3 


L 
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L 


H 


L 


L 


L 


L 


L 


H 


H 


L 


H 


2 


13 


12.6 


L 


L 


L 


H 


H 


L 


L 


L 


H 


L 


L 


H 


H 


3 


19 


18.8 


L 


L 


H 


L 


L 


L 


L 


L 


H 


H 


L 


L 


H 


4 


25 


25.1 


L 


H 


L 


L 


L 


L 


L 


H 


H 


L 


L 


H 


L 


8 


50 


50.3 


H 


L 


L 


L 


L 


L 


H 


H 


L 


L 


H 


L 


H 


16 


101 


100.5 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


L 


H 


H 


31 


195 


194.8 
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PERIMETER OF A CIRCLE LOOK-UP TABLE (cont'd) 



DESCRIPTION 



THIS EXAMPLE ILLUSTRATES HOW TO IMPLEMENT A LOOK-UP TABLE IN A PLE5P8 FOR THE 
PERIMETER OF A CIRCLE AS A FUNCTION OF THE RADIUS. THE INPUT PINS (R4-R0) , 
WHICH REPRESENT THE RADIUS OF A CIRCLE, ARE MULTIPLIED BY 2 TIMES PI IN ORDER 
TO CALCULATE THE PERIMETER OF A CIRCLE (P7-P0) . THIS LOOK-UP TABLE IS VALID 
FOR RADII BETWEEN AND 31. A PLE8P8 SHOULD BE USED INSTEAD IF A LARGER 
RADIUS RANGE (BETWEEN AND 81) IS REQUIRED. 



WHERE P = PERIMETER OF THE CIRCLE 
PI = 3.1415 

R = RADIUS OF THE CIRCLE (BETWEEN AND 31) 



EXAMPLE 



FOR R = 3, P = 2*PI*3 



19 



RADIUS ( 
OF THE { r4*-»- 
CIRCLE [ 



8 



PERIMETER - ) PERIMETER 

OF A CIRCLE / - P } OF THE 
LOOK-UP TABLE J CIRCLE 



FIJI Memor/e* 
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PERIOD OF OSCILLATION FOR A MATHEMATICAL PENDULUM LOOK-UP TABLE 

MMI GMBH MUNICH 

. ADD LO LI L2 L3 L4 

.DAT TO Tl T2 T3 T4 T5 T6 T7 



TO = /L4* /L2*/L1* LO 
+ /L3*/L2* L1*/L0 

+ L3*/L2* LO 

+ /L4* L2*/L1*/L0 
+ L4* L3* LO 
+ L4*/L3* LI 
+ L4*/L3* L2* /LO 



; COMPUTE DIGIT FOR 2EXP-5 (0.03125) (LSB) 



Tl = /L2* L1*/L0 

+ /L4*/L3* L2* LO 
+ /L4* L3*/L2* LI 
+ /L4* L2*/L1*/L0 
+ L4*/L3*/L2* LI 
+ /L3* L2*/L1 

+ L4* L3* /LI* LO 
+ L4* L3* L1*/L0 



,• COMPUTE DIGIT FOR 2EXP-4 (0.0625) 



T2 = 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



/L4*/L3* L1*/L0 
/L4* L3*/L2* LO 
L4 */L3 */L2 */Ll */L0 
L4*/L3* LI* LO 

L4* L3*/L2* L1*/L0 
L4* L3* L2*/L1 
L4* L2* LO 

/L4*/L3* /LI* LO 
/L4*/L3* L2* /LO 



; COMPUTE DIGIT FOR 2EXP-3 (0.125) 



T3 = /L4* L3* LI* LO 

+ L4*/L3* LI 
+ L4* L3* L2*/L1 

+ /L3*/L2*/L1* LO 

+ /L3* L2* LI* LO 

+ L3*/L2* LI* LO 

+ L3* L2*/L1* LO 

+ /L4* L2*/L1* LO 



; COMPUTE DIGIT FOR 2EXP-2 (0.25) 



L1*/L0 
L2* LI 



T4 = /L4*/L3* 
+ /L3* 
+ /L4* L3* L2*/L1 
+ L4*/L3* L2 
+ L4* 
+ 



L2* LI 
L2* L1*/L0 



j COMPUTE DIGIT FOR 2EXP-1 (0.5) 
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+ /L4 



/L2*/L1 



+ 


L3* /LO 








+ 


L3*/L2 








+ 


L3* /LI 









+ L4* L3 



T6 = /L4* /L2* LI* LO 
+ /L4* L3* /LO 
+ /L4*/L3* L2 
+ /L4*/L3* /LI 



; COMPUTE DIGIT FOR 2EXP1 (2) 



T7 - L3* L2* LI* LO 

+ L4 



; COMPOTE DIGIT FOR 2EXP2 (4) (MSB) 



FUNCTION TABLE 



; —AMPLITUDE— 
; INTEGER 
L4 L3 L2 LI LO 



—PERIOD OF OSCILLATION- 
INTEGER FRACTION 
T7 T6 T5 T4 T3 T2 Tl TO 



PERIOD OF OSCILLATION 
; AMPLITUDE LOOK-UP 



L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


L 


L 


1 


2.0000 


2.0050 


L 


L 


L 


L 


H 


L 


L 


H 


L 


H 


H 


L 


H 


2 


2.8125 


2.8356 


L 


L 


L 


H 


L 


L 


L 


H 


H 


L 


H 


H 


H 


3 


3.4375 


3.4728 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


H 


H 


5 


4.4375 


4.4834 


L 


H 


L 


L 


L 


L 


H 


H 


L 


L 


L 


L 


L 


9 


6.0000 


6.0151 


H 


L 


L 


L 


L 


H 


L 


L 


L 


L 


H 


L 


L 


17 


8.2500 


8.2670 


H 


H 


H 


H 


H 


H 


L 


H 


H 


L 


H 


L 


H 


32 


11.3125 


11.3423 



PERIOD OF OSCILLATION 
FOR A MATHEMATICAL PENDULUM 
LOOK-UP TABLE 



PLE5P8 




1-1 AND 

L5 FT — ih- OR 

II _ GATE 
L4 ^ — <F- ARRAY 




k\ vcc 

HP 

14] T5 
u\ T4 
T3 
n] T2 
]o] T1 
7} L1 



Fast Arithmetic Look-up 



PERIOD OF OSCILLATION FOR A PENDULUM LOOK-UP TABLE (cont'd) 
DESCRIPTION 

THIS PLE5P8 IS USED TO IMPLEMENT A LOOK-UP TABLE FOR THE PERIOD OP OSCILLATION 
OF A MATHEMATICAL PENDULUM. THE PERIOD OF OSCILLATION FOR MATHEMATICAL 
PENDULUM (T) IS DEPENDENT UPON ITS AMPLITUDE OF SWING (L) AND THE ACCELERATION 
DUE TO GRAVITY (G) . THE PERIOD OF OSCILLATION IS CALCULATED USING THE 
FOLLOWING EQUATION: 

T = 2*PI*SORT(L/G) WHERE T = PERIOD OF OSCILLATION IN SECONDS 

PI = 3.14 

L = AMPLITUDE OF SWING IN METERS 
G = ACCELERATION DUE TO GRAVITY IN M/S/S 
(9.81 M/S/S) 

EXAMPLE: FOR L = 5, T = 2*PI*SQRT(5/G) = 4.4375 

A PLE DEVICE WITH 5 INPUTS CAN BE USED TO CALCULATE THE PERIOD OF OSCILLATION 

FOR AMPLITUDES UP TO L = 32 METERS. PLE DEVICE WITH MORE INPUTS SHOULD BE USED TO 

CALCULATE LARGER PERIODS OF OSCILLATION. 

THIS EXAMPLE DEMONSTRATES HOW EASY IT IS TO CONSTRUCT LOOK-UP TABLES FOR 
COMPLEX ARITHMETIC FUNCTIONS USING PLE DEVICES 

/ /\ G 



LENGTH J |__ 
OF PENDULUM 1 



PERIOD OF 
OSCILLATION FOR A 
MATHEMATICAL PENDULUM 
LOOK-UP TABLE 



PERIOD OF 
OSCILLATION 
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PLE12P8 PLE CI 

P5017 

ARITHMETIC LOGIC UNIT 
MMI SANTA CLARA, CALIFORNIA 
.ADD A3 A2 Al AO B3 B2 Bl BO CIN 12 II 10 



5N SPECIFICATION 
FRANK LEE 10/14/83 



.DAT C3 



C2 CI CO Z V C 



,** ********************************************** 

:* THIS DESIGN IS NOT YET SUPPORTED BY PLEASM * 
,************************************************ 



C,C3,C2 



DESCRIPTION 



CI, CO = /S2*/S1* S0*/A3,/A2,/A1,/A0 

.+. B3, B2, Bl, B0.+. CIN 
+ /S2* S1*/S0* A3, A2, Al, AO 

.+./B3,/B2,/Bl,/B0.+. CIN 
+ /S2* SI* SO* A3, A2, Al, AO 

.+. B3, B2, Bl, B0.+. CIN 
+ S2*/S1*/S0*/A3,/A2,/A1,/A0 

:*: B3, B2, Bl, BO 
+ S2*/S1* SO* A3, A2, Al, AO 

+ S2*/S1* SO* B3, B2, Bl, BO 
+ S2* S1*/S0* A3, A2, Al, AO 

* B3, B2, Bl, BO 
+ S2* SI* SO 

= C:+: C3 

= /C3*/C2*/C1*/C0 



;B - A - 1 + CIN 
;A - B - 1 + CIN 
;A + B + CIN 
;A XOR B 
; A + B 
;A * B 
; PRESET 
•OVERFLOW 

; 



THIS ALU CAN PERFORM 8 FUNCTIONS ON TWO 4-BIT OPERANDS A (A3-A0) AND 
B (B3-B0) WITH CARRY IN (CIN) AND GIVES A 4-BIT RESULT C (C3-C0) WITH 
CARRYOUT (C). IT WILL ALSO GIVE STATUS AS OVERFLOW (V) AND ZERO (Z) . 

THE FUNCTION IS DETERMINED BY A 3-BIT FUNCTION SELECT CODE (S2-S0) : 

ARITHMETIC LOGIC UNIT 

MODE S2 SI SO FUNCTION 



CLEAR 

1 B - A - 1 + CIN 

1 A-B-1+ CIN 

1 1 A + B + CIN 

1 A XOR B 
1 1 A + B 

1 1 A * B 

111 PRESET 








Wallace Tree Compression 



_ 



Wallace Tree Compression 

In performing arithmetic calculations, it may happen that more 
than two numbers are to beadded together. Adding two numbers 
can be achieved by using a simple adder. It there are more than two 
numbers to be summed, several levels of adders may be needed. 
This often causes too much delay. 

An alternative is to use Wal lace Tree Compression. Suppose there 
are m numbers each of n-bits wide. Summation over these numbers 
will range from to mx(2 n -1) which will take log 2 [m (2 n -1) + 1] 
bits (rounded UP to the nearest integer). For example, if there 
are five 2-bit numbers, i.e., m= 5, and n = 2, the sum will be 
bounded by 5 x (2^-1) = 15 which will need a total of 4 bits. 

One Wallace Tree Compression by itself will not be very useful. 
But consider if five 8-bit integers are added together. This tech- 
nique enables vertical compression of these numbers in four 
groups. This type of vertical compression also eliminates the 
need of carry propagation. The five numbersare represented by: 

A = (a7, a6, a5, a4, a3, a2, a1, aO) 
B = (b7, b6, b5, b4, b3, b2, b1, bO) 
C = (c7, c6, c5, c4, c3, c2, c1, cO) 
D = (d7, d6, d5, d4, d3, d2, d1, dO) 
E = (e7, e6, e5, e4. e3, e2, e1, eO) 

where the 7 tn bits are the most significant; the calculation is as 
follows: 



The groups are assigned as follows: 

G1 : (aO, a1 , bO, b1 , cO, d , dO, d1 , eO, e1 ) 
G2 : (a2, a3, b2, b3, c2, c3, d2. d3, e2, e3) 
G3 : (a4, a5, b4, b5, c4, c5, d4, d5, e4, e5) 
G4 : (a6, a7, b6, b7, c6, c7, d6, d7, e6, e7) 



The above groups of bits can be compressed to: 
H1 : (h1 3 , h1 2 . h1 v h1 ) 
H2 : (h2 3 , h2 2 , h2-,, h2 ) 
H3: (h3 3 , h3 2 , h3-, , h3 ) 
H4: (h4 3 , h4 2 , h4 1 ,h4 ) 







G4 


G3 




G2 








G1 






































a7 


a6 






a5 


a4 






a3 


a2 






a1 


aO 




= A 








b7 b6 






b5 


b4 






b3 


b2 






b1 


bO 




= B 








— 


c7 


C6 






c5 


C4 






c3 


c2 






d 


cO 




= C 


































d7 


d6 






d5 


d4 






d3 


d2 






d1 


dO 




= D 




. '+ 


) 




e7 


e6 






e5 


e4 






e3 


e2 






e1 eO 




= E 




































h1 3 


h1 2 


"11 


h1 


= H1 








h2 3 


h2 2 


h2l 


h2 




= H2 








h3 3 


h3 2 


h3-| 


h3 








= H3 


+ ) 


h4 3 


h4 2 




h4-, 


h4 








- H4 








h3 3 


h3 2 


h3-| 


h3 


h1 3 


h1 2 


Ml 


h1 




+ ) 


h4 3 


h4 2 




h4-. 


h4 


h2 3 


h2 2 


h2i 


h2 






S10 


S9 


S8 




S7 


S6 


S5 


S4 


S3 


S2 


S1 


SO 


= result 



TWX: 910 338 2376 MOfiOl/lfl/C 
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Wallace Tree Compression 



S1 and SO are just Mi andh1 S10-S2canbeobtainedthrough It needs four PLE10P4 devices, two 74S381 ALUs and one 
additionofotherbits.Thehardwareimplementationisafollows: 74S182. An alternative is using ten 74S381 ALUs and four 

74S182 Carry Lookahead Generators. 



Gl- 



ut 



a7-a4 b7-b4 



4 

7^ 



Li 



a3-at> b3-b0 tf C7-C4 d7-d4 



PLE10P4 



G4- 



10, 



PLE10P4 



"3_ 



74S381 




74S381 


ALU 




ALU 



74S182 

PCLA 
GENERAT OR 



c3-c0 d3-d0 

.J 



ft- ft 

| S381 I -*-] S381 

TOLLS! 



1/ V i/ v 



v' V 



2^ 4| 4^ 



S5-S2 t1-«0 



3,' 



| 'S381 




S381 




S381 



Cin P 



H 5182 



Cln 



810-sS >7-s4 



A comparison between the two architectures gives the following data: 





USING WALLACE 
TREE COMPRESSION 


USING CONVENTIONAL 
ARITHMETIC LOGIC 


Delay (ns) 


79 


115 


Number of components 





14 


Total number pins on the parts 


128 


264 



Since Wal ace 
there is no 
excellent 
tion as long 
device. 



tree compression can be of any configuration, 
predefined part available. A PLE device provides an 
solution. The designer may define his own configura- 
as it can be put in a commercially available PLE 
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P5019 VINCENT COLI 04/06/83 

SEVEN 1-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 
MMI SANTA CLARA, CALIFORNIA 
• ADD A B C D E F G 
.DAT P0 PI P2 



P2,P1,P0 = A .+. B .+. C .+. D .+. E .+. F .+. G ; P = A+B+C+D+E+F+G 



FUNCTION TABLE 

A B C D E F G P2 PI P0 

; PPP COMMENTS 



;A 


B 


C 


D 


E 


F 


G 


210 


A 


+ 


B 


+ 


c 


+ 


D 


+ 


E 


+ 


F 


+ G 




p 




L 


L 


L 


L 


L 


L 


L 


LLL 





+ 





+ 





+ 





+ 





+ 





+ 









L 


H 


L 


H 


L 


H 


L 


LHH 





+ 


1 


+ 





+ 


1 


+ 





+ 


1 


+ 




3 




H 


L 


H 


L 


H 


L 


H 


HLL 


1 


+ 





+ 


1 


+ 





+ 


1 


+ 





+ 1 




4 




B 


H 


H 


H 


H 


H 


H 


HHH 


1 


+ 


1 


+ 


1 


+ 


1 


+ 


1 


+ 


1 


+ 1 




7 





DESCRIPTION 

THIS PLE8P4 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. SEVEN ROWS OF 1-BIT NUMBERS (A, B, C, D, E, F, AND G) 
ARE NUMERICALLY SUMMED TO PRODUCE A 3-BIT RESULT (P2-P0). 



P2 PI P0 



SEVEN 
1-BIT 
INTEGERS 



SEVEN 1-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 

PLE8P4 
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P5020 VINCENT COLI 08/22/83 

FIVE 2-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 

MMI SANTA CLARA, CALIFORNIA 

.ADD AO Al BO Bl CO CI DO Dl E0 El 

.DAT PO PI P2 P3 



P3,P2,P1,P0 = A1,A0 .+. B1,B0 .+. CI, CO .+. D1,D0 .+. E1,E0 ; P = A+B+C+D+E 



FUNCTION TABLE 



a ao 


Bl 


BO CI 


CO Dl 


DO El 


EO P3 


P2 PI PO 












AA 


BB 


CC 


DD 


EE 


PPPP 


COMMENTS 












10 


10 


10 


10 


10 


3210 


A + B + C + D 


+ 


E 




P 




LL 


LL 


LL 


LL 


LL 


LLLL 


+ 0+0 + 


+ 












LH 


LH 


LH 


LH 


LH 


LHLH 


1 + 1+1 + 1 


+ 


1 




5 




HL 


HL 


HL 


HL 


HL 


HLHL 


2 + 2 + 2 + 2 


+ 


2 




10 




HH 


HH 


HH 


HH 


HH 


HHHH 


3 + 3 + 3+3 


+ 


3 




15 





DESCRIPTION 



THIS PLE10P4 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. FIVE ROWS OF 2-BIT NUMBERS (A1-A0, B1-B0, C1-C0, 
D1-D0, AND E1-E0) ARE NUMERICALLY SUMMED TO PRODUCE A 4-BIT RESULT 
(P3-P0) . 




P3 P2 PI PO 

4-BIT 
RESULT 



FIVE 2-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 

PLE10P4 




Monolithic KKfl Memories 
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PLE12P8 PLE CIRCUIT DESIGN SPECIFICATION 

P5021 VINCENT COLI 02/10/83 

FOUR 3-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 

MMI SANTA CLARA, CALIFORNIA 

.ADD AO Al A2 BO Bl B2 CO CI C2 DO Dl D2 

. DAT P0 PI P2 P3 P4 



P4,P3,P2,P1,P0 ■ A2,A1,A0 .+. B2,B1,B0 .+. C2,C1,C0 .+. D2,D1,D0 ; P = A+B+C+D 



FUNCTION TABLE 



A2 Al 


AO B2 


Bl BO 


C2 CI 


CO D2 Dl 


DO P4 P3 P2 


PI P0 






; AAA 


BBB 


CCC 


DDD 


PPPPP 


COMMENTS 








;210 


210 


210 


210 


43210 


A + B + C 


+ D = 


P 




LLL 


LLL 


LLL 


LLL 


LLLLL 


+ 0+0 


+ = 







LLH 


LLH 


LLH 


LLH 


LLHLL 


1 + 1 + 1 


+ 1 = 


4 




LHL 


LHL 


LHL 


LHL 


LHLLL 


2 + 2 + 2 


+ 2 = 


8 




LHH 


LHH 


LHH 


LHH 


LHHLL 


3 + 3 + 3 


+ 3 = 


12 




HLL 


HLL 


HLL 


HLL 


HLLLL 


4+4+4 


+ 4 = 


16 




HHH 


HHH 


HHH 


HHH 


HHHLL 


7+7+7 


+ 7 = 


28 





DESCRIPTION 



THIS PLE12P8 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. FOUR ROWS OF 3-BIT NUMBERS (A2-A0, B2-B0, C2-C0, AND 
D2-D0) ARE NUMERICALLY SUMMED TO PRODUCE A 5-BIT RESULT (P4-P0) . 



A2 Al AO 
B2 Bl B0 
C2 CI CO 
D2 Dl DO 



FOUR 
3-BIT 
INTEGERS 



P4 P3 P2 PI P0 



FOUR 3-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 
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PLE12P8 



PLE CI 



DE 



P5022 

THREE 4-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 
MMI SANTA CLARA, CALIFORNIA 
. ADD AO Al A2 A3 BO Bl B2 B3 CO CI C2 C3 
. DAT PO PI P2 P3 P4 P5 

P5,P4,P3,P2,P1,P0 = A3,A2,A1,A0 .+. B3,B2,B1,B0 .+. C3,C2,C1,C0 



[GN SPECIFICATION 
VINCENT COLI 08/10/83 



A+B+C 



FUNCTION TABLE 



A3 A2 


M AO B3 


B2 Bl 


BO C3 C2 


CI CO 


P5 


P4 


P3 


P2 


PI P0 




; AAAA 


BBBB 


CCCC 


PPPPPP 


COMMENTS 










;3210 


3210 


3210 


543210 


A 


+ 


B 


+ 


C 


= P 




















— ~ — ——— — — • 


■ 


LLLL 


LLLL 


LLLL 


LLLLLL 





+ 





+ 





= 




LLLH 


LLLH 


LLLH 


LLLLHH 


1 


+ 


1 


+ 


1 


= 3 




LLHL 


LLHL 


LLHL 


LLLHHL 


2 


+ 


2 


+ 


2 


= 6 




LHLL 


LHLL 


LHLL 


LLHHLL 


4 


+ 


4 


+ 


4 


= 12 




HLLL 


HLLL 


HLLL 


LHHLLL 


8 


+ 


8 


+ 


8 


= 24 




HHHH 


HHHH 


HHHH 


HLHHLH 


15 


+ 


15 


+ 


15 


= 45 




























DESCRIPTION 

THIS PLE12P8 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. THREE ROWS OF 4-BIT NUMBERS (A3-A0, B3-B0, AND C3-C0) 
ARE NUMERICALLY SUMMED TO PRODUCE A 6-BIT RESULT (P5-P0) . 



A3 A2 Al AO 

B3 B2 Bl B0 

+ C3 C2 CI CO 

P5 P4 P3 P2 PI P0 

- ' 

6-BIT 
RESULT 



THREE 
4-BIT 



THREE 4-BIT INTEGER ROW 
PARTIAL PRODUCTS ADDER 
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Residue Arithmetic using PLE Devices 

Conventional binary arithmetic can be replaced by another kind 
of computational methodology known as the Residue Number 
System. The use of this system allows integer arithmetic to be 
performed by arrays of PLE devices. The idea of PLE devices as 
arithmetic elements is simply to store pre-computed values of 
the arithmetic operation in the PLE memory cells and to use the 
input variables to the arithmetic as addresses to the PLE devices. 
Since we are computing the results of the arithmetic operations, 
the same PLE device organization may be used for many 
different functions. As an example, a 256x8-bit PLE device can 
be used as a 4x4-bit binary multiplier, or a 4+4-bit binary adder 
with the output multiplied by any 3-bit constant. It is this 
f lexibi lity which holds so much appeal for the use of PLE devices 
as computational elements. 

Introduction 

Arithmetic operations often involve carry propagation. This prop- 
agation causes too much delay for high-speed arithmetic. The 
Residue Number System (RNS) provides the required separa- 
tion property needed for high-speed arithmetic. Each digit of the 
RNS representation is coded into a certain number of bits. In per- 
forming the basic operations of addition, subtraction, and multi- 
plication, no information is required to be passed between the 
digits. Therefore, the number of bits required for representing 
each digit can be partitioned so that commercially available PLE 
devices can be used to implement the arithmetic. 



Basics of the Residue Number System 

In this section, the elements of performing arithmetic using the 
RNS are introduced. The mechanism of coding numbers, the 
method of performing arithmetic using the RNS, and finally 
conversion between binary and RNS are presented. 



Coding of Residue Numbers 

In principle, the coding of Residue Numbers is extremely simple. 
A residue digit is the remainder when the number to be coded is 
divided by another number (a modulus). As an example, the 
residue of 15 divided by a modulus 7 which yields 1 as the 
remainder can be represented by 1 1 5| 7 = 1. 

If operations are performed on an RNS where only one modulus 
is used, it will not be advantageousagainst a simple binary scheme 
at all since no information is encoded. Only the encoding of the 
binary numbers will provide the separation property which will 
speed up the arithmetic operation. The advantage of the RNS 
accrues when more digits are used. 





; ' example of encoding a number using 3 moduli to give a 
3-digit RNS representation isasfollows: letthe moduli bem1 = 3, 
m2 = 4,m3= 5. The residues of X = 25will beshown as xi where 
i= 1,2,3. Thus, 

X1 = |25| m1 = |25| 3= 1 

X2=|25| m2 =|25| 4= 1 

X3=|25| m3 = |25| 5 =0 
In the RNS using the moduli 3, 4, 5, the number 25 is represented 
as (1,1,0). 

The number of unique representations for a set of moduli is the 
Least Common Mulitple (LCM) of the moduli. The most efficient 
set of moduli is one in which all moduli are pairwise relatively 
prime. 

Tables 1 illustrates an example of a set of moduli (3, 4) which can 
represent 1 2 integers. Note that the representations of and 1 2 are 
the same, since the representation repeats itself after 1 2 integers. 





(3) 
x1 


(4) 
x2 


X 











1 


1 


1 


2 


2 


2 


3 





3 


4 


1 





5 


2 


1 


6 





2 


7 


1 


3 


8 


2 





9 





1 


10 


1 


2 


11 


2 


3 


12 









Table 1. Representation of to 12 in RNS Using Moduli 3 and 
4. The Representation Repeats Itself After 1 2 Intergers 



In table 2, (4, 6) is the set of moduli uses. Since 4 and 6 are not 
relatively prime, the number of integers that can be represented is 
not the product of 4 and 6, but i nstead is the LCM of 4 and 6 which 
is 12. The representation again repeats itself once every 12 
integers. 
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X 


(3) 


(4) 




x1 


x2 











1 


1 


1 


2 


2 


2 


3 


3 


3 


4 





4 


5 


1 


5 


6 


2 





7 


3 


1 


8 





2 


9 


1 


3 


10 


2 


4 


11 


3 


5 


12 








13 


1 


1 


14 


2 


2 


15 


3 


3 


16 





4 


17 


1 


5 


18 


2 





19 


3 


1 


20 





2 


21 


1 


3 


22 


2 


4 


23 


3 


5 


24 









Table 2. Representation of 0x24 for Moduli 4 and 6. Since 4 
and 6 are Not Relatively Prime, and Their LCM is Only 
12, the Representation Again Repeats Itself Every 12 
Integers 



Negative numbers are formed in the same way negative numbers 
are formed in binary (two's complement) system. To form the 
two's complement of a number in binary, we subtract the 
number 2 8 where B is the number of bits of the representation. 
In RNS, we subtract the RNS number from mi to form the 
negative. Table 1 can be rewritten as in table 3 for encoding of 
negative numbers. 



X 


(3) 


(4) 




x1 


x2 











1 


1 


1 


2 


2 


2 


3 





3 


4 


1 





5 


2 


1 


-6 





2 


-5 


1 


3 


-4 


2 





-3 





1 


-2 


1 


2 


-1 


2 


3 



Table 3. Representation of -6 to 5 in RNS using Moduli 3 and 4 

Arithmetic Using the RNS 

For two RNS numbers, X and Y, the result of the addition of the two 
numbers, Z, in RNS is given by: 

|xi + yi| mi = zi for all of the RNS digits. 
The same result is found for subtraction and multiplication. This 
means that arithmetic can be carried out between the same digits 
of the two numbers, Xand Y, without interaction between adjacent 
digits. The arithmetic is therefore "carry-free". As an example, let 
us consider the following computation: 

Z = (863 x 3942) + (-862 x 3942) = 3942 
We only need sufficient dynamic range to represent the result; 
intermediate overflows can be ignored. Let us choose the 
following moduli for the RNS representation: 

ml = 7, m2 = 9, m3 = 11, m4= 13 

M = 9009 

The above set can represent numbers i n the range -4505 to 4504, 
and so this number range is sufficient for the calculation of this 
example. The computation is shown in table 4. 
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863 x 3942 
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2 




-862 x 3942 
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6 
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Z 


1 





4 


3 


= 3942 



Table 4. Calculating Z = 863 x 3942 + (-862 x 3942) = 3942 



Division of residue numbers is more complicated than addition, 
subtraction, or multiplication. If the dividend isexactlydivisibleby 
the divisor, the operation is easier. In this case, a division by a 
number is the same as a multiplication by the inverse of that 
number. The multiplication inverse of an integer X in moduloari th- 
metic can be found byfinding the vector (d1, . . . ,dn) which sat- 
isfies the following: 
[X.di| m |=1 

For example, 95 divided by 5 in moduli 2, 7 and 9 can be done by 
first finding the vectors representing 95 and the inverse of 5. 

|95| 2 = 1 
|95| 7 =4 
|95|g=5 

So, for the multiplicative inverse of 5, we have: 

|1/5| 2 =1 |5x1| 2 =1 

|1/S| 7 = 3 since |5 x 3| 7 = 1 

|1/5| 9 =2 |5x2|g=1 

Therefore, |95/5| 2 = ||95| 2 x|1/5| 2 | 2 = |1 x 1| 2 = 1 
|95/5| 7 = ||95| 7 x|1/5| 7 | 7 = |4x3| 7 =5 
|95/5| 9 =||95|gx|1/5| 9 | 9 = |5x2|g= 1 

and the answer is 19. 

The operation becomes more complicated when the dividend is 
not exactly divisible by thedivisoror one of the moduli of the multi- 
plicative inversedoes not exist, say, if the residue of the divisorfor 
that modulus is 0. In this case, we need to obtain the remainder 
and then subtract the remainder from the dividend and then per- 
form the division. The problem in finding the remainder seems to 
be the same as performing the division itself. However, this type 
of division can be done in a process called scaling, which will not 
be discussed in detail in this paper. 

Inspiteoftheimprovementsmadein implementing scaling algo- 
rithms, scaling still represents a major effort in any calculation. It 
is advisable to use RNS only on systems where many arithmetic 
operations can be performed for each scaling operation. 

A System Using an RNS 

An RNS is very useful in systems which have predefined opera- 
tions and dynamic ranges. Moreover, it can only operate on 
integers, or at most, block floating-point numbers. Since the 
RNS involves conversions between integers and their RNS 
representations, and conversions by themselves are already 
time-consuming, the problem to be solved in the RNS system 
should be operation intensive. 
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TO INTEGER 


CONVERSION 
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RNS 
ARITHMETIC 
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INTEGER 



INTEGER 



Figure 1. Architecture of an RNS 



Conversion to RNS Representation 

The conversion of an integer to RNS can be viewed as a mapping 
process. PLE devices provide a natural implementation for 
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numbers ranging from to 255, and the following moduli are 
arbitrarily chosen for conversion to RNS — 2, 1 1 and 15 (which 
can represent 330 integers), 8 bits of address are needed for the 
integer input and 9 outputs (1 for modulus 2, 4 for modulus 11 
and 4 for modulus 15). In reality, only 8 outputs are needed 
because that bit of residue for modulus 2 is not required, since 
the least significant bit of the integer is also the residue of itself in 
modulus. In fact, a PLE8P8 will be sufficient. 



4- 



-'"'is 

'1*11 

-IXI, 



Figure 2. Mapping an 8-Bit Integer, X, to Its Residues on 
Moduli 2, 11 and 15 

Another example is a 1 4-bit integer which is to be converted to 
RNS. A 14-bit address needs 16K address spaces for the 
mapping. 16K is too deep for a PLE device. An alternative is to 
use 4K-deep PLE devices. PLE12P4andPLE12P8 devices and a 
selector (e.g., a PLE5P8 to control the PLE devices (See 
Figure 3)). The PLE5P8 device will decode two of the address 
bits and will selectively enable one of the four sets of PLE devices 
as the mapping set, thus deepening the effective address to 1 6K. 
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Figure 3. Mapping a 14-Bit Integer, X, to Its Residues by 
Selectively Enabling the Outputs of One of the Four 
Sets of 12-lnput PLE Devices 

This method of expansion is not effective with bigger integers. If 
the integer is N-bit and the PLE address space available is M-bit, 
then 2^-Msets of PLE devices will be needed. Besides, as the 
dynamic range increases, the width of the outputs will also 
increase about proportionally. An alternative method is to use 
two or more levels of PLE devices to generate the residues. The 
first level generates the remainders from the more significant 
bits of the integer and the products of some of the moduli. These 
remainders are in turns concatenated with the rest of the bits to 
become the inputs to the second level PLE devices. 
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For example, for a 16-bit integer 43689, and let us use (2, 11, 13, 
1 5, 23) as the set of moduli. We may choose 23, 30 and 143 as the 
mod ul i for the f i rst level . The first level consists of PLE1 2P4s and 
PLE1 2P8s which generate the remainders of the most significant 
1 2 bits of 43689 which is 2730. We know that 1 2730| 23 will be at 
most 22 and can therefore be represented by a 5-bit number; 
|2730| -|5 will be at most 14 and can be represented by another 
4-bit number; and I273OI143 will be at most 142 and can be 
represented by a 6-bit number. The 5-bit number represented by 
|2730|23 will be concatenated with the least significant 4 bits of 
the integer and gives a 9-bit number which can perform another 
division by 23 to give the final |43689| 2 3; the 4-bit number 
represented by |2730| 1 5 will be concatenated with the least 
significant 4 bits of the integer and gives an 8-bit number which 
can perform another division by 1 5 to give the final |43689| 1 5 ; the 
6-bit number represented by |2730[ 143 will be concatenated 
with the least siginificant 4 bits of the integer and gives a 10-bit 
number which can perform another division by 1 1 and 1 3 to give 
the final |43689|-| and |43689| 13 . As in the first example, 
|43689| 2 is just the least significant bit of the integer. 



Arithmetic Operations In RNS 

The arithmetic operations of the RNS is different from regular 
arithmetic in that even simple addition must be performed in 
modulo arithmetic. Simple ALU may not be able to handle this 
arithmetic. Again. PLE devices are proven to be most useful. A 
PLE8P4 device can perform addition, subtraction, or multipli- 
cation on two 4-bit residue numbers and give a 4-bit modulo 
result. 4 
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Figure 4. Mapping a 16-Bit Integer X to Residues in Modulo 2, 
11, 13, 15, and 23 Using Two-Level Mapping. The 
First Level Gives Remainders from the More Signif- 
icant Twelve Bits, While the Second Level Finds the 
Final Residues 

In some circumstances, although an N-bit integer only has a 
dynamic range of 2^, the intermediate calculations may over- 
flow. It is sometimes necessary to add some other moduli to 
boost up the dynamic range for the intermediate calculations. 



Figure 5. Calculating C 
PLE8P4 

If the modulus is large, say greater than 64, the combined 
number of bits for two residues will be greater than the number 
of address bits for the largest of the commercially available PLE 
device. Of course, more than one device can be used to deepen 
the effective address space. In this case, for every additional bit 
of a modulus, two more bits of address will be needed — one for 
each operand. In other words, for each additional bit of a 
modulus the address space of operation will be quadrupled. It is 
not very effective when the modulus grows too large. Fortunately, 
for both addition and multiplication, there are more efficient 
procedures. 

Large Modulus Addition 

Table 5 shows the contents required for the addition operations 
in modulus 1 1 . There is a lot of redundancy in the table which can 
be compressed by reducing what should be eight bits of inputs to 
five bits. What we need is just another level of mapping. There 
are a total of 121 combinations for a number of modulus 11 
operating on another operand of the same modulus. In reality, 
only numbers ranging from to 10 can be represented in 
modulus 11. The sum ranges from to 20 (not in modulus 11). 
This range can be represented by a new set of submoduli (3, 7) 
which is five bits wide. In fact, any new set of submoduli which 
has a dynamic range of at least twenty-one can be used. The 
operands in modulus 1 1 will be converted to their representations 
in submoduli 3 and 7. The addition is done in the submoduli and 
the result is reconverted back to modulus 1 1 RNS (see Table 6). 
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Table 5. Addition Table in Modulo 11 Arithmetic 
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x + y 
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Table 6. Conversion Table Between Modulo 11 Arithmetic and Modulo 3 and 7 Arithmetic 




Figure 6. Calulating Addition of Two Numbers in Modulo 11 Using Submoduli Operations 



Large Modulus Multiplication 

The solution to this problem in multiplication is similar. For exam- 
ple, if two RNS digits in modulus 91 isto bemultiplied, (7, 13) may 
be chosen as a set of submoduli. The representation of an RNS 
digit in modulus 91 needs 7-bits. These 7-bits are first mapped to 
twoRNSdigits — in modulo 7 which needs 3-bits; and in modulo 
1 3 which needs 4-bits. The representations of the two operands i n 
the two moduli can then bemultiplied and give the result in modulo 
7 and modulo 1 3. The result is then converted back to modulo 91 . 
Unfortunately, this scheme can be used only when the modulus 
can be expressed as a product to two integers which are relatively 
prime. But, in this case, the RNS digit may simply be represented 
as the residue of the two smaller integers instead of using them as 
submoduli. 



-^♦291 



Figure 7. Calculating Multiplication of Two Numbers in Modulo 
91 Using Submoduli Operations 

Suppose another modulus 101 is used. 101 is a prime number 
and RNS in modulus 101 ranges from to 100. The real dynamic 
range of the product of two numbers in modulus 101 is to 
10000, which is already too large for a PLE address space. For 
this modulus, we may use three 4 K-deep PLE devices to deepen 
the address space. For a modulus like 1001. it may not be too 
efficient to use this scheme. Instead, since: 




xy= [(x 



(x-yrt/4 



or = [x + y)^] / 4 - [(x - y)" 2 ] / 4 
wemaydox + yandx - yfirstandthendothesquaringofthesum 
and the difference scaled by a factor of 4. Since the final product 
of two integers must bean integer, the squaring and scaling may 
be performed in one operation with the fractional part discarded. 
The way to obtain x + y and x - y is the same as what was dis- 
cussed earlier in the "Large Modulo Addition" session. 

In any event, operations on residues of large moduli are slower 
and involve more hardware and are not recommended. 
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Figure 8. Performing Modulo 1001 Multiplication 

The Reverse Conversion 

The reverse mapping from RNS to integer is not as straight- 
forward as the other way. For an RNS system which has a total of 
twelve bits for all the residues, we can still use 12-input PLE 
devices to convert. We may also use several sets of 1 2-input PLE 
devices to reverse map the RNS if the integer is not much longer. 
But for very long integers, we may need to use the general 
algorithm for the reverse map: 

1. FindM = ml xm2x . . . xm n _i (where n is the number 
of moduli) 

2. Find ti * M/mi 

3. Find X = |x1t1 + x2t2 + . . . + xn-1tn-1|M 

In hardware implementation, ti's are all known beforehand, We 
can map xi's to get the xiti's. Then we may perform Wallace Tree 
Compression (see the session on this subject in this handbook 
for more information) on the xiti's to give two-level operands 
which add to the final sum and divide it by M to get X. Again, PLE 
devices provide the best solution for Wallace Tree Compression. 
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Figure 9a. Reverse Mapping to Get Xgtj 
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Figure 9b. Modulo M Wallace Tree Compression to Reduce the 
Number of Levels for Summation to 2 Followed by an 
Addition and Division to get X = x 1 t 1 + ... + x n t n | M 
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Conclusion Acknowledgement 

Memory elements provide excellent solutions to mapping func- Portions of this article were extracted from "Integer Arithmetic 
tions — for control purposes, for arithmetic operations and Using proms" by Dr. G. A. Jullien of the University of Wind- 
general logic replacements. This paper investigates the possi- sor Canada 
bility of using PLE devices as arithmetic units. In fact, for logic 
like residue number arithmetic, there is no better solution than to 
use these devices. 
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Distributed Arithmetic Using PLE 
Devices 

In digital signal processing, sum-of-product type of operations 
are often necessary. These operations take the form of: 

y = £ ajXj where aj's are some constants 

i = 1 

If real multiplications are to be performed on every product term, 
it will need a total of M multiplications and M-1 additions. Multi- 
plication operations normally take much longer than simple addi- 
tion. An alternative to calculate equations of the above form is by 
using distributed arithmetic. 

Suppose there is an N-bit integer X given by : 
x = [x(N-1),x(N-2) x(1).x(0)] 

or equivalently: 
N-1 

x= 2 x(j)2J 
j=0 

where x(N-1) is the most significant bit. The equation: 
M 

y= 2 a iXi 
i= 

can be expressed as: 
M 



M /N-1 \ 

- S aj 2 X| 0) 2i 
1=1 \j = / 

^2 a i x i<^ 



N-1 

2 2 J 
J=0 



Now, let: 

M 

H(j) = 2 ajXiO) 
i = 1 

Since H (j) is independent of i and since a-| 's are al I constants, we 

precompute for every x(j) = [xi (j),x 2 (j) x M (j)] the values 

of H (j).Then x (j) can be used as the address of PLE devices 
whose outputs are the precomputed result H (j). 



Xlf> X M<J>- 



MAPPING 
PLE 



■ L-BIT RESULT 



Figure 1. Mapping the j ,h Bit from Each of the x,'s to An L-bit 
Result 



If there are M bits of data and the result is L-bit wide, and if M is 
very large, say 20, and L is 8, then we need 20 bits of address 
lines if we want to use only PLE mapping. Since 20 bits of address 
translate to 1M words, and there is no available 1M-deep 
PLE device on the market, it is not realistic to use PLE mapping. 
Instead, H (j) can be partitioned as follows: 
20 

H (j) = | ajXj (j) for M = 20 
i=1 

10 .. 20 



= 2 aix; (j) + 2 



ajxi (J) 



i= 1 i= 11 

the 20-bit address can be separated to two 10-bit addresses and 
each of them is individually mapped. The two outputs will then be 
added together to give H ( J). An implementation of this mapping 
is shown in figure 2. 
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Figure 2. Mapping the j tn Bit of Each of Xj's to an L-bit Result 
When There Are Too Many x's (20 in This Case) 

There is another alternative for implementing a sum-of-product 
operation: by using a multiplier accumulator (MAC). 

The main constraint on distributed arithmetic is that one set of 
the multiplicands must be fixed, i.e. ai's in this case, for the 
sum-of-product mapping while a MAC will allow flexibility. 

There are normally some constraints on the width for the data bus 
from which the operands are loaded. If all the operands are new, 
it will need M cycles to load in the operands anyway, distributed 
arithmetic offers no advantages over MAC since distributed 
arithmetic needs to wait for all the operands to be loaded in 
before any operation can start while MAC can perform a 
multiplication and an addition every cycle. M cycles will be 
needed anyway for the complete operation using a MAC while 
distributed arithmetic may take even longer. 

On the other hand, for operations like convolutions where one 
set of operands are fixed and only one new variable operand is 
needed for every result, distributed arithmetic will be a better 
solution since it can give a result in every clock-cycle while a 
MAC will need M-cycles (because recalculations of all the 
product terms are necessary). An implementation for convolu- 
tion is shown in Figure 3. 
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Figure 3. An Implementation of a Distributed Arithmetic System 
for Convolution 

There is another way to implement distributed arithmetic 
through bit-serialization: 

From H (j), the sum-of-product of y can be obtained as: 
N-1 



y = 



I* 



2)HG) 



To implement this equation, consider that the least significant bit 
of the result is to be used only for rounding purposes only. Only 
the more significant bits will be retained. The computation can be 
performed in the following way: 

1) Forj = 0, 

y = 2° H (0) = H (0) 

2) For j = 1 to N-1 
jj = H(|) + 1/2Hfj-1) 

Note that the second term of the last equation means that the pre- 
vious result (yj_-|) is shifted right one-bit; the last bit of yj_i is 
truncated. 



The implementation of such a system is shown in Figure 3. The 
Ste uZ^a^T tS ' 0rPLE 
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Figure 4. A Bit-Serialization Implementation for a Distributed 
Arithmetic System 



The operations are as follows: 

1) Load Xj onto the load and shift register at clock 0. 

2) Load H (0) onto accumulator and shift all registers at clock 1. 

3) From clock k (between clock 2 to clock N-1 ), the content of the 
accumulator will be replaced by the sum of H (k-1) and the 
more significant N-1 bits of the current accumulator value. 

4) For clock N, the following are performed: 

a) Repeat step 3. At the end of the operation , the accumulator 
contains the value of the result (scaled by the number of 
shifts). 

b) Xj + -j is loaded onto the load and shift register. 

The shifting frequency is equal to N times the basic rate. 

Due to the fact that there are a number of shift operations 
necessary for each data load, this method is recommended for 
the following conditions: 

1 ) This design is under cost, power dissipation, and board space 
constraints. 

2) This design is for high M-to-N-ratio array multiplications. 
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Registered PLE Devices in 
Pipelined Arithmetic 

PLE devices are useful as logic elements, and registered PLEs 
are excellent media for pipelined arithmetic. Monolithic Memories 
supplies a number of registered PLE devices which provide 
effective solutions to pipelined systems. 

A data processing system may have fall-through architecture. 
Since many of these operations may takea long time, it happens 
that the devices are not often tied up in operations. For example, 
in a system as in figure 1 , the operations can be divided into three 
functional blocks. When the operands are loaded in, block 1 will 
operate first, followed by block 2 and then by block 3. When the 
data is in block 2, block 1 is not doing anything. We cannot at this 
time put in the next set of operands because changes in 
operands may disturb the operation in block 2. 



BLOCK 1 


I 

tpd(blkl) 
♦ 


BLOCK 2 


I 

tpd(blk 2) 


BLOCK 3 


-t- 
tpd(blk 3) 

t 



Figure 1. An Example of the Fall-Through Approach to Arith- 
metic Operation 

A solution to this is by registering the operands and signal paths 
when the operations is switched to block 2; and by registering 
the operands and signal paths again when the operations is 
carried out in block 3. The result is stated in figure 2. This archi- 
tecture is called the pipelined structure. It makes the loading of 
the second set of operands possible even before the first result 
is out, thus increasing the throughput. 



BLOCK 1 
REGISTER 

BLOCK 2 
REGISTER 

SLOCK 3 



The introduction of the registers for the pipeline increases the 
operation time of every block due to the addition of the setup times 
and the clock to output delays. The result is as follows: 

1 ) Overall delay. The architecture in Figure 2 will need at least an 
additional 2 setup time and 2 clock to output delays of a regis- 
ter. In real, it will be more, because the minimum clock period 
will bedetermined by the sum of (i) the maximum of the opera- 
tion times of individual blocks, and (ii) the setup time of the 
pipelined registers and (iii) the clock to output delay of the 
pipelined registers. Symbolically, the overall delays for the 
architectures in Figures 1 and 2 are: 

tpd (Fig. 1) = tpd (blk 1) + tpjj (blk 2) + tpd (blk 3) 

tpd (Fig. 2) = 2 x{ maxltpd (blk 1 ), t^ (blk 2), t^ (blk 3)] 

+ t su + t clk} +t pd < blk 3 > 

Where t pd (Fig. 1) and t pd (Fig. 2) are the propagation delays 
of the architectures in figure 1 and figure 2 respectively; t pd (blk 

1) t pd (blk 2), t pd (blk 3) are the propagation delays of block 1, 
block 2, and block 3 respectively; and t su and t c | k are the setup 
time and clock-to-output delay of the registers respectively. 

2) Throughputs of clock rate. The architecture in figure 1 has a 
throughput period of (t pd (blk 1 ) + t pd (blk 2) + t pd (blk 3) + 
*su + t c ||<), assuming that the operands are coming from and 
the result is going to some registers; the architecture in 
Figure 2 has a throughput period of (max[t pd (blk 1), t pd (blk 
2), t pd (blk 3)J + t su + t c | k ) which is faster. 

PLE devices are useful as logic elements, and registered PLE 
devices are excellent media for pipelined arithmetic. Monolithic 
Memories supplies a number of registered PLE devices which 
provide effective solutions to pipelined systems. 

Applications for pipeline arithmetic include array and digital 
signal processing. 



Figure 2. Pipelined Arithmetic Operation 
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Testing Your PAL Devices 



Manouchehr Vafai 



Introduction 

The advantage of Programmable Array Logic (PAL®) circuits 
as a basic building block of digital system is now well established. 

PAL circuits are a unified group of devices which combine 
programmable flexibility with high speed and extensive selec- 
tion of interface options. 

The architecture of PAL circuits consists of programmable- 
AND-OR gate arrays, output-registers and I/O feedback as 
shown in Figure 1. 
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Figure 1. PAL Circuit Architecture 

The increased system speed, reduced chip count and availability 
of a CAD tool called PALASM™ software should leave no doubt 
for design engineers that they have made a right choice in 
choosing PAL circuits. 

The HAL circuit family is the masked program version of a PAL 
circuit. HAL® circuits will provide the users a cost-effective 
solution for large quantities and is unique in that it is a gate 
array with a programmable prototype. 

The following steps are required when designing with PAL 

circuits. 

• Familiarity with Demorgan's law. 

• Familiarity with the Karnaugh maps. 

• Ability to express logic equation in Sum-of- Product form. 

• Ability to write simple seed vector for function table. 

• Familiarity with different PAL circuits. 

Programming PAL Circuits 

PAL circuits will be programmed using PALASM software. 

PALASM software is the CAD tool developed by Monolithic 
Memories to facilitate the process of programming. PALASM 
software is a Fortran IV program which assembles and sim- 
ulates PAL circuits design specifications. It generates PAL cir- 
cuit fuse patterns in formats compatible with PAL circuits or 
PROM programmers. 

Besides generating PAL circuit fuse pattern in different pro- 



gramming formats, PALASM software does the following: 

• Assembles PAL circuit design specification and reports 
error messages. 

• Simulates the Function Table. 

• Tests each product term for Stuck at zero (SAO) and 
stuck at one (SA1) faults. 

The purpose of writing vectors is to prove that a device is capa- 
ble of performing it's function before it is put in a system. 
PALASM software will exercise the vectors and will report any 
discrepancy. Writing vectors will raise confidence that a device 
will function properly at least in the design level. The simulator 
also transfers the function table vectors to a set of universal test 
vectors which may be used for functional testing after the 
device is programmed. 

When a new system is transferred to production, the system 
designer hands over the responsibility for the system to the test 
engineering department, who now determines how and what 
test should be performed to ensure proper operation of the 
system. At this point the system designer transmits the neces- 
sary information for understanding the system operation. 
Unfortunately, much information is lost at this point. Test engi- 
neers usually have a hard time understanding how the system 
works with insufficient information. It is the design engineer 
who best knows the operation of his PAL circuit design, and it 
is the design engineer who can quickly specify a few seed 
vectors to give the test a starting point in solving the future 
problem. 

Design for Testability 

In short the only way to control a digital circuit is to apply a 
known value to it's input. Fault simulation has been the best 
technique of yielding a quantitive measure of test effectiveness. 
Fault simulation will test stuck-at-0 (SAO) and stuck-at-1 (SA1) 
of input and output lines. By generating test vectors that will 
test for each product term for (SAO) and (SA1) faults, then by 
observing the corresponding output and comparing it with the 
fault-free output, one can conclude whether a fault can be 
detected or not. 

Consider the following example: 




Figure 2 Logic Diagram and It's PAL Circuit Implementation 
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1 1 1 X X 1 



(vector- 1) 



The implementation using PAL circuits is as follows: 



The (vector-1) selects a product term P1. Under a fault-free 
condition, the output (2) will be high (we can observe this); 
however, under a fault condition the output will be low. In other 
words, one can conclude that either product term (P1) is (SAO) 
or outputs Z (Figure 2.) are (SAO). 

Now consider vector 2. 



A B C D E F G 




(vector-2) 



As it can be seen that both of the product terms are low, if the 
observed output is high, one can conclude that either product 
terms or outputs are Stuck-at-one. 

Fault simulation grading is used by Monolithic Memories to 
evaluate candidates design for transfering from a PAL circuit to 
a HAL circuit. 

In designing with PAL circuits, four different cases should be 
considered. 

1. A purely combinational circuit where output is function 
of input. 

2. A purely combinational circuit where output is function 
of input and feedback from output. 

3. A purely sequential logic where output is function of 
input and feedback from output. 

4. A combinational-sequential logic where output is func- 
tion of input, feedback from combinational output and 
feedback from sequential output. 

In cases 1 and 2 we can define a structured way of writing 
function table. Cases 3 and 4, on the other hand, because of 
dependency of the device on the previous state of the device, 
impose a relatively more sophisticated scheme of testing 
strategy. 

In the following examples the various techniques which might 
be helpful in testability of PALs, will be discussed. 

Example 1 : Glitch-free and Testable 

Suppose we want to implement (EQ-1) using any of the combi- 
national PAL. 



F = X*A + X*B 



(eq-1) 



The K-MAP and logic diagram are shown in (Figure 3.) 
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Figure 3. Logic Diagram and It's K-Map 



The above logic is testable because we have full control over 
each node for (SAO) and (SA1) test. 




Figure 4. PAL Circuit Implementation of the Logic 

Ideally the output should always be high if both inputs are high. 
The circuit is not glitch-free, the output might momentarily 
drop to low if we change the state of X, due to propagation 
delay between X and X. 

The problem will be solved by including a redundant (AB) term 
to (eq-2). 

The equation will look like this. 



F = XA + XB + AB 
The output is glitch-free, but untestable! 



(eq-2) 




Figure 5. A Glitch-free Circuit 



Node (2) is not Observable for (SAO). One can not force node 
(2) to one and keep node (1) and (3) in the low state. So the 
redundant product term is untestable. 

This circuit can be made testable by the addition of control 
signal (Y) as follows: 




Figure 6. Glitch-free and Testable Logic 

Now the logic is glitch-free and testable. 



Example 2: Untestable Logic — A Simple 
Example 

The logic F ~ F is untestable 



Figure 7. Implementation of F := F 
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The initial state of the oscillator is unknown; this system can be 
made testable as follows: 



Example 4: Design "Pitfall" Case Two 

Consider the implementation of the following equation: 
QO = A*Q1 -Q0 + A-Q1 'QO + QO 




Figure 



a Implementation of F := F with SET and RESET 



It has been done by addition of two control signals (RESET and 
SET) and one extra product term. 

Illegal States 

Upon power-up the initial state of output registers are unknown; 
this might force the device into one of the "illegal states". 
The design engineer should be worried about the illegal state at 
design time. For example let's look at modulo-6 state machine 



-1> - 
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Figure 9. 



Transition Diagram for a Modulo-6 Counter 



The design engineer might ignore the other possible state (6, 7) 
but his ignorance might be costly at test time. If upon power-up 
the machine starts at either of (6) or (7) state, there is no way to 
control the state-machine. The best solution is to force both of 
the illegal states into one of the known states. 




Figure 10. A Modulo 5 Counter with No Illegal State 

Example 3: Design "pitfall" Case One 

Consider the implementation of the following example 
Q1 := 11 "Q1 




Figure 11. Implementation of Q1 := 11 * Q1 Using a PAL 

If Q1 falls to zero, it will stay there forever. The logic needs a 
control signal for output reset. 



Figure 12. Implementation of QO = A*Q1*Q0 + A*Q1*Q0 + QO 

If CO goes to one it will stay there forever, the logic needs a 
control signal to clear it's output. 

Hard Array Logic (HAL) Devices 

The HAL device is the Hard Array version of a PAL device. 

HAL logic circuits are the best choice for designs that are firm 
and volumes are large enough to justify the initial cost. Besides 
having Boolean equation in PAL DESIGN SPECIFICATION 
format the user should provide the following. 

1. A FUNCTION TABLE which gives enough information 
about the operation of the device. Normally this FUNC- 
TION TABLE shall test a minimum of 50% "Stuck at fault" 
grading using PALASM or TEGAS fault grading test. 

2. The FUNCTION TABLE shall be constructed such that the 
device may be initilized to a known state within a specified 
number of steps (or clocks). 



The HAL CIRCUIT SPECIFICATION is the input file used with 
PALASM software for the HAL's. The input format as shown in 
example 5 is as follow: 

• Line 1 HAL circuit part number 

• Line 2 user's part number followed by originator's name 
and the date 

• Line 3 device application name 

• Line 4 user's company name, city, state 

• Line 5 pin list which is a sequence of symbolic names 
separated by one or more spaces. All pins including VCC 
and GND must be named 

• Line M the logic equation which are used to generate 
metal masks from the provided equations 



PAL*, and HAL* are Registered Trademarks ol Monolithic Memories 
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HALX2H6 
EXAMPLE 5 
BASIC GATES 

mi SANTA CLARA, CALrFCRJIA 
CDFGMNPQI GND JKLROHEBA VCC 



HAL DESIGN SPEC3FICATICN 
MANO VAFAI 04/20/83 



- LINE 1 
■ LINE 2 
-LINE 3 
-LINE 4 
-LINE 5 



B - A 
E * C*D 

B = F + G 

L = /I + /J + /K 

- /M*/N 

R - P*/Q + /P*Q 



(HQ - 1) 
#1 (A) 



AND GATE (EQ - 2) 

#1 (C*D) 



OR 



(EQ - 3) 

: #1 (F), #2 (G) 



TWO 

NAKD GATE (EQ -4) 
THREE FBXDCT TEFMS: IK/I) r #2(/J) , #3(/K) 



(EQ-5) 
TERM: #1 (/M*/N) 



XOR GATE (EQ-6) 
TOO HOXCl' TEEMS: *1(P*/Q>» *2(/P*Q) 



> LINE M 



FUNCTION TABLE 

ABCOEFGHIJKLMNOPQR 



;AB CDE FGB IJKL (MO PQR 



OPTIONAL C£M»ENTS FIELD 



LH XXX XXX XXXX XXX XXX 


(EQ-1,PT-1) 


SAO TEST 


HL XXX XXX XXXX XXX XXX 


(BQ-1,PT-1) 


SA1 TEST 


XX BHB XXX XXXX XXX XXX 


(EQ-2,PT-1) 


SAO TEST 


XX ILL XXX XXXX XXX XXX 


(EQ-2,PT-1) 


SA1 TEST 


XX XXX HLH XXXX XXX XXX 


(EQ-3 r PT-l) 


SAO TEST 


XX XXX LHH XXXX XXX XXX 


(EQ-3,PT-2) 


SAO TEST 


XX XXX ILL XXXX XXX XXX 


(EQ-3,PT-1,2) 


SA1 TEST 


XX XXX XXX LBBH XXX XXX 


(EQ-4,PT-1) 


SAO TEST 


XX XXX XXX HLHH XXX XXX 


(EQ-4,PT-2) 


SAO TEST 


XX XXX XXX BHLH XXX XXX 


(EQ-4,PT-3) 


SAO TEST 


XX XXX XXX HHHL XXX XXX 


(EQ-4,PT-l r 2,3) 


SA1 TEST 


XX XXX XXX XXXX LLH XXX 


(EQ-5,PT-1) 


SAO TEST 


XX XXX XXX XXXX BEL XXX 


(EQ-5,PT-1,2) 


SA1 TEST 


XX XXX XXX XXXX XXX HLH 


(EQ-6,PT-1) 


SAO TEST 



EESCRTPTTCN 

THE MAIN PORPOSE OF THIS EXAMPLE IS TO FAMILIARIZE 
THE USER WITH WHAT WE MEAN BY "FUNCTION TABLE" , 
PfCEUCT TEfM(PT) COVERAGE, STOCK-AT-O (SAO) AND 
(SAJ.) 



- LINE N 



EXAMPLE 5 



• Line N the function table which begins with the key word 
"FUNCTION TABLE." It's followed by a pin list which may 
be in a different order and polarity from the pin list in line 5. 
VCC and GND cannot be listed. The pin list is followed by 

dashed line; e.g.; which in turn is followed by a list 

of vectors, one vector per line. One state must be specified 
for each pin name and optionally separated by spaces. A 
vector is a sequence of states listed in the same order as the 
pin list and followed by an optional comment. 



The allowable states are H (HIGH LEVEL), L (LOW LEVEL), 
X (IRRELEVENT), C (TRANSITION FROM HIGH TO LOW 
OR CLOCK PULSE) and Z (HIGH IMPEDENCE). After 
preparing the PAL DESIGN SPECIFICATION in the above 
format, PALASM software can be used to simulate and 
perform fault testing. 
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1 XXXXXXXXXXXXXXXXXH01 

2 XXXXXXXXXXXXXXXXXLTL 

3 llXODCOOKXXXXXXHXXl 

4 ooxxxxxxxxxxxxxxlxx1 

6 xxoixxxxxxxxxxxhxxxi 

7 xxooxxxxxxxxxxxlxxx1 

8 xxxxxxxxox11hxxxxxx1 

9 xxxxxxxx1x01hxxxxxx1 

10 XHOOOOtXlXlOHXXXXXXl 

11 XXXXXXXX1XULXXXXXX1 

12 XXXX00XXXXXXXXHXXXX1 

13 XXXX11XXXXXXXXLXXXX1 

14 XXXXXX10X 



PASS SMTLATKM 

PRODUCT: 1 OF EQCATICN. 6 UOTESTED (SA1) FAOLT 

PRODUCT: 2 OF EQUATION. 6 UNTESTED (SA1) FAULT 

PBDDDCT: 2 OF EQUATION. 6 DIGESTED ( SAO ) FAULT 

NUMBER OF STUCK AT ONE (SA1) FAULTS ARE =■ 8 

NUMBER OF STUCK AT ZERO (SAO) FAULTS ARE => 9 

- 85% 

FAULT-TESTING 

The following information is reported to the user 

— Total number of SA1 Faults. (8 in example 5) 

— Total number of detected SAO faults. (9 in example 5) 

SA1 faults + SAO faults 



P"Q 



R = P.Q + P.Q EQ - 6 



P*Q 



2 * total number of product terms 



100% ( 



8+9 
2*10 



*100% = 85%ex-5) 



— One vector may detect more than one SAO OR SA1 
FAULTS (vector # 11 in example 5) 

— The user is reported with a message which tells him the pro- 
duct term for which it was not tested. (PRODUCT TERM 1 & 2- 
EQ 6, in example 5) 

The following vectors can be added to the function table in 
example 5 in order to achieve 100% fault coverage. 

AB CPE FCS IJKL MMO PQR OMENTS (EXAMPLE 5) 

(EQ-6,PT2) SAO TEST 

(EQ-6,PT-1,2) SA1 TEST 



XX XXX XXX XXXX XXX LHH 
XX XXX XXX XXXX XXX HHL 



PALASM" software has tested the 
above function table for example 5, 
the result is as follows: 



BASIC GATES 

1 XXXXXXXXXXXXXXXXXH01 

2 XXXXXXXXXXXXXXXXXL11 

3 11XXXXXXXXXXXXXXHXX1 

4 OOXXXXXXXXXXXXXXLXXl 

5 xxioxxxxxxxxxxxaxxxi 

6 XXOlXXXXXXXXXXXHXXXl 

7 XXOOXXXXXXXXXXXLXXXl 

8 XXXXXXXX0X11BXXXXXX1 

9 XXXXXXXXLX01HXXXXXX1 

10 XXXXXXXX1X10HXXXXXX1 

11 XXXXXXXX1X1LLXXXXXX1 

12 XXXX00XXXXXXXXHXXXX1 

13 XXXXllXXXXXXXXLXXXXl 

14 XXXXXX10XXXXXRXXXXX1 

15 XXXXXX01XXXXXBXXXXX1 

16 XXXXXX11XXXXXLXXXXX1 
PASS SIMULATION 

NUMBER CP STUCK AT ONE (SA1) FAULTS ARE » 10 
NUMBER OF STUCK AT ZERO (SAO) FAULTS ARE = 10 
TEFM COVERAtZ -100% 



PALASM'" is a trademark of Monolithic Memories. 



PAL 20R A10 Design for Testability 

Edwin Young 



This article is written to help customers of the PAL20RA1 
recognize some fundamental design-for-testability issues which 
may arise due to the part's unique architecture. Customers 
should understand that these issues represent design criteria 
which Monolithic Memories will use to accept PAL20RA10 
patterns for test generation/fault grading and for estimating the 
resource cost to test engineering if accepted. This article does 
not address the BUSINESS REQUIREMENTS such as the need 
for acceptable test vectors and the acceptability of a particular 
pattern for processing as a HAL® device. 
The designer who wishes to use a 20RA1 in his/her design must 
bear in mind that although the part has preloadability. certain 
designs could diminish the effectiveness of this feature. The 
following rules are presented to help establish Test Engineering 
acceptance standards for the20RA10. Additional general guide- 
lines applicable are available in the PAL Handbook article reprint 
"Testing Your PAL Devices" by M. Vafai. 

Avoid False Latching Situations 

The equation D = (A'B) + (C+D) and its variants are susceptible 
to latching hazards since ATE may have considerable input 
skew. Of course, from a testing viewpoint, such implementations 
should be avoided. But if they must be implemented, care must 
be exercised in developing the function table so as to account 
for the possibility of latching. The designer must adopt and stick 
to some guideline such as "no more than one input undergoes a 
change in logic value per vector" when specifying the function 
table. 




Assume A. B and C are primary inputs while D is a fed-back 
output. The waveforms to the left show two possible outcomes 
for output D depending on the skew of inputs A and B, which is a 
function of tester calibration. 



The latch problem described is not unique to the 20RA10 but is 
clearly applicable to any PAL with asynchronous outputs with 
feedback (e.g.. 16R4). The designer should realize, however, 
that false latching may occurona20RA10even if all outputs are 
registered. Consider the equation set D:= C and D.CLKF = A*B 
for a simple registered 20RA10 output. The resulting waveforms 
would look similar to those of the previous asynchronous 
example. The important distinction here is that a 20RA10 has 
programmable asynchronous clocks rather than a single master 
clock' pin which can cause difficulties in testing. 

Allow Data to Setup Prior to Clocking 

The previous two pitfalls were examples of flaky latching due to 
glitches during testing. Consider the equation set C := B and 
C.CLKF = A for a registered output. The following example 
shows a definite positive latching. ..but of flaky (skewed) data. 




Assume B isa primary input. Then the timing for situations at far 
left and left may be with A as feedback and as primary input 
respectively. 

This example illustrates another aspect of the programmable 
asynchronous clock feature of the 20RA20: Clock pulses can 
have critical minimal or no delay relative to data setup time. Note 
that all other registered PAL devices have dedicated common 
clock pins to which delayed pulses are applied by the ATE to 
allow sufficient data setup time and ATE input skew. 

Avoid Unreachable States 

The 20RA10 may be preloaded to any state desired for testing 
purposes. Unfortunately, the desired state may not exist long 
enough for the simulator or ATE to use it. With all other 
preloadable PALs, any arbitrary state may be preloaded into the 
registers on a given test vector and the state will persist into the 
next vector providing the required conditions to detect some 
fault/s. This means all stuck-at-type faults possibly detectable 
can be detected. With the 20RA10, the preloaded state may feed 
back to assert state dependent resets or presets on one or more 



PAL® and HAL® are registered trademarks of Monolithic Memories. 
2175 Mission College Blvd. Santa Clara, CA 95054-1592 Tel: (408) 
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PAL20RA1 Design for Testability 



registers. Consequently, the desired state may last only a few 
nanoseconds after the preload vector is complete before chang- 
ing to some new state. Since the desired state is not stable going 
into the vector immediately following the preload vector, the 
faults expected to be detected become non-detectable. 

Another problem arises whenever output control logic is a 
function of state. In this case, assume the desired state for 
detecting faults is preload and is stable in the next vector. If this 
state provides the conditions necessary to detect faults and also 
disables the outputs, then the faults will be effectivley masked 
from detection. 

Caution on Individual Register Bypass 
Mode 

The 20RA10 allows the designer to permanently and indepen- 
dently bypass any register. Those registers not permanently 
bypassed may be bypassed under program control by setting 
both SET and RESET nodes to logic high. In this 'bypass mode', 
the register's D node is multiplexed to the output rather than its 
Q node. There is generally no test problem in going into bypass 
mode. The pitfall is in returning to 'register mode' operation, 
which only the 20RA10 can do. Consider the equation set 
C.RSTF = A and C.SETF = B of a simple registered output and 




An indeterminate state on the output can occur if both primary 
inputs A and B go to logic low on the same vector. 



the following possible waveforms. A race condition will occur to 
see whether set or reset operation prevails in going from bypass 
to register mode. There are two methods by which to get known 
states for testing purposes: 

1 ) Clock a known value into the register on the next vector or; 

2) Set RESET to logic low on one vector and then SET to low 
on the next or vice versa. 
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PAL® Design Function and Test Vectors 

E. Young 



Introduction 

This article was written to help customers understand the pur- 
pose of seed vectors and provide some general guidelines as to 
what elements are important in developing them. It is assumed 
that the reader has read the "PALASM*" Manual" and the "PAL® 
Handbook" article reprint Testing Your PAL Devices. 

In general, PAL®/HAL® devices are required to provide a func- 
tion table or "Seed Vectors" to Monolithic Memories in order to 
ensure that parts shipped have a high degree of reliability for the 
application intended. Ideally, these vectors should accomplish 
three objectives: 

1) Initialize the PAL device preferably in the same way as in 
the actual system; 

2) Exercise the customer's functions thoroughly, emulating 
actual system operation as closely as possible; 

3) Provide a high degree of fault coverage. 



The following simple example demonstrates how exercising 
seed vectors might be derived from a designer's state diagram: 



E9 



S3 


E6 


so 


















E7 




E8 
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E2 


S2 










E3 





Initialization 

Seed vectors which initialize the PAL logic circuit consist of one 
or more vectors placed at the very beginning which will bring 
both combinatorial and registered outputs to a stable and known 
logic state (1 or 0) . This is necessary in the system also so that its 
operation upon power-up is predictable. Furthermore, care 
should be taken to ensure that the initialization state is a legal 
state of the state machine for which the PAL device is intended. 



Exercise Functions 

The essential functions for which the PAL device was originally 
designed must be exercised fully. This will assure that the tested 
parts work the way they were intended to. In addition to essential 
"designed-for" functions, it is prudent to include general test 
exercises such as verifying that outputs don't change in the 
absence of clock pulses and checking to see that inputs in the 
"don't care" (X) state don't produce adverse responses. General 
test exercises help to reinforce the validity of a design and can 
uncover overlooked design errors. After a set of exercises has 
been decided upon, the next step is to write them in a format 
suitable for simulation purposes. 

The designer may have originally defined the functions in terms 
of equations, state diagrams, truth tables, etc. Truth tables are 
readily reformatted to PALASM1 syntax "Function Tables" and 
exercises with the simulation option (code=S). State diagrams 
can be converted by expressing each state and input edge in 
binary vector format and sequencing them according to the 
diagram's flow. The customer should become thoroughly 
familiar with the syntax of the function table description (see the 
PALASM Manual for a detailed treatment of syntax) before 
attempting to translate truth tables, etc. 



Assume the following state and edge definitions accompany the 
diagram: 



STATE = LL 
STATE 1 = LH 
STATE 2 = HL 
(ILLEGAL) STATE 3 = HH 



EDGE = LL 
EDGE 1 = LH 
EDGE 2 = LL 
EDGE 3 = LH 
EDGE 4 = LL 
EDGE 5 = HH 
(INITIALIZING) EDGE 6 = HL 
(INITIALIZING) EDGE 7 = HL 
(INITIALIZING) EDGE 8 = HL 
(INITIALIZING) EDGE 9= HL 



From the above information, it is possible to create the truth 
table for the diagram and then the function table representation: 



EDGE 


PRESENT STATE 


NEXT STATE 


AB 


CD 


CD 


HL 


XX 


LL 


HH 


LL 


HL 


LL 


HL 


HL 


LH 


HL 


LH 


LH 


LH 


LL 


LL 


LL 


LH 


LL 


LH 


HL 



PAL" and HAL- are registered trademarks ol Monolithic Memories JUKjlMBMktMfffMMJ a 

PALASM'" is a trademark of Monolithic Memories TWX 1 910 338-2376 W*S""""*W**^* 

21 75 Mission College Blvd. Santa Clara, CA9S054-1 592 Tel: (408) 970-9700 TWX: 910-338-2374 
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FUNCTION TABLE REPRESENTATION 


FUNCTION TABLE 


AB 


CD 




HL 


LL 


INITIALIZE DEVICE 


HH 


HL 


TEST EDGE 5 


LL 


HL 


TEST EDGE 4 


LH 


LH 


TEST EDGE 3 


LH 


LL 


TEST EDGE 1 




LH TEST EDGE 




HL 


TEST EDGE 2 



Fault Coverage 

Another criterion for seed vector completeness is "fault coverage". 
Fault coverage is an empirical method and is more quantitative 
than functional exercising — indeed, no knowledge of the 
circuit's intended function is necessary or assumed (although it 
could help) while developing fault coverage vectors. 

Fault coverage, being an empirical approach to determining a 
logic circuit's reliability, uses the concept of "failure models" to 
grade the effectiveness of a given set of test vectors. This is 
called "fault grading". In fault grading a set of vectors, a fault 
coverage value is calculated that is simply the ratio of detected 
faults to total faults expressed as a percentage. 

Test vectors may be graded against one or more failure 
models. Some well-known models include single stuck-at-1/ 
stuck-at-O, pattern sensitivities, shorts and opens and multiple 
stuck-at models. Selection of a failure model (or models) for 
fault grading fundamentally depends on the model's empirical 
effectiveness for screening bad parts and will be affected by a 
number of factors including circuit technology and fault simulator 
capabilities. 

The most common and primary fault coverage failure model 
considered by "TGEN" at Monolithic Memories is the classic 
single stuck-at-1/stuck-at-0 failure model. "TGEN" automat- 
ically appends test vectors which test for the following additional 
failure models where applicable: 1) Adjacencies, 2) Clock, 
3) Tri-state. 

"TGEN" has a specified minimum value of fault coverage for PAL 
and HAL devices based on the single stuck-at failure model. The 
minimum values are determined by current "TGEN" policy (see 
your FAE) and reflect the economic trade-off between acceptable 
levels of reliability and the cost of test generation for maximum 
coverage. PAL and HAL devices for which the specified minimum 
values cannot be attained will require the customer's written 
waiver for low coverage prior to production release of the 
pattern. 



The fault coverage percentage determined by "TGEN" is dif- 
ferent from the percentage determined by selecting the fault 
testing option (code=F) of PALASM1 software. In PALASM1 
software fault coverage is based on product term coverage 
(PTC). PTC is still the ratio of detected to total faults except that 
"detected" and "total" fault sums refer to stuck-at faults on 
product term outputs only. PTC ignores stuck-at faults which 
occur anywhere else. A more accurate procedure is to calculate 
the coverage based on all the circuit nodes where a stuck-at 
condition may occur. When every node (fault site or wire) is 
considered, the coverage calculated correlates to the design's 
testability better and will generally be a much lower value than 
PTC. "TGEN" goes one step further in conservatism by cal- 
culating fault coverage on a "collapsed" fault basis. Fault 
collapsing simply divides all the stuck-at faults into groups such 
that, within a group, if one fault is detected, then all the others in 
the group are detected too. The advantage of collapsing it that 
only one representative fault in a group needs to be selected for 
test generation and if it is detected, then the other "equivalent" 
faults are detected by definition. This saves time and effort on 
test generation for equivalent faults. Calculations on a collapsed 
fault basis treat each group as one fault. 

The following simplified example demonstrates the difference in 
fault coverage calculations using a collapsed fault list: 



1/SA1 2/SAO 



3/SA1 


4/SAO 


5/SA1 


6/SAO 


7/SA1 


8/SAO 


9/SA1 


10/SAO 


11/SA1 


12/SAO 


13/SA1 


14/SAO 


15/SA1 


1 6/SAO 


17/SA1 


1 8/SAO 



19/SA1 20/SAO 



21/SA1 22/SAO 



25/SA1 26/SAO 



23/SA1 24/SAO 



Note: This example is a simplified one for illustrative purposes only and does 
not show the effects of faults normally associated with input or output 
buffers Also, some partial collapsing has already been done (i.e . input 
faults of "OR" gate are collapsed into output faults of "AND" gates! 

Assume the above circuit is to be realized as a PAL or HAL 
device. Suppose some seed vectors are provided also, as shown 
here: 





A 


B 


C 


D 


E 


F 


G 


H I 1 


VECTOR 1 


H 


H 


H 


L 


L 


L 


L 


L 


L 


VECTOR 2 


L 
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PAL Function and Test Vectors 



The seed vectors on the previous page yield various values for 
fault coverages corresponding to the method of calculation as 
shown in the table below. 





PTC 


EVERY NODE 


COLLAPSED 




SUBSET OF TOTAL 
FAULTS CONSIDERED 
FOR CALCULATIONS 
THAT ARE DETECTED 
BY EACH VECTOR 
(SHOWN AT FAR RIGHT) 


20 


2,4.6,20,26 


2 


Vector 1 


22 


8,10,12,22 


8 


Vector 2 


24 


14,16,18,24 


14 


Vector 3 


19,21,23 


19,21,23,25 


19 


Vector 4 


TOTAL FAULTS 
CONSIDERED FOR 
CALCULATIONS 


19,20, 
21,22, 
23,24 


1,2,3,4,5,6,7,8,9,10,11, 

12,13,14,15,16,17,18, 

19,20,21,22,23,24,25,26 


1,2,3,5,7, 
8,9,11,13, 
14,15,17,19 




PERCENT COVERAGE 


6/6= 100% 


17/26= 65% 


4/13= 31% 



As can be seen from the above example, given the same seed can improve the coverage significantly. For the above example, 

vectors, PALASM1 software would show 100% coverage whereas the reader can verify that the following slight modification of the 

"TGEN" would show 31% coverage. Notice that the poor seed vectors would yield 100% coverage for all calculation 

coverage by "TGEN" is due to none of the input nodes being methods: 
tested for stuck-at-1 . 1 n most instances, a better set of test vectors 
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VECTOR 5 
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VECTOR 6 
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H 
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H 


H 
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Testability 

The previous sections described some essentials for compre- 
hensive seed vector set. Variations on how fault coverage is 
calculated was covered also. However, no matter how it is 
calculated, fault coverage is only as good as the testability of the 
circuit permits. Using the stuck-at failure model, the customer 
must consider both absolute and practical fault coverages 
achievable for his PAL/HAL logic circuit design. Certain testa- 



bility factors, such as redundancy, number of test points (out- 
puts) or reconvergence, affect absolute (i.e., theoretical max- 
imum) coverage. Other factors, including preloadable state 
machines, the amount of feedback and overall controllability, 
will affect practical coveragesince many faults may be potentially 
detectable but uneconomical to detect due to excessive vectors 
or difficult to reach states. As testability is improved, absolute 
and practical fault coverage will usually increase. 
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METASTABILITY 

A Study of the anomalous behavior of synchronizer circuits 

Danesh M. Tavana 




INTRODUCTION 

This article will summarize the results of the studies performed on 
synchronizer circuits The information presented may be used by system 
designers to gain insight into the anomalous behavior of edge- 
triggered flip-flops. Understanding flip-flop behavior and applying 
some simple design practices can result in an increased reliability of 
any system. 

METASTABILITY 

In the digital world a bit represents the fundamental unit of measure. 
The output state of any digital device is either "HIGH" (a voltage level 
above VIH) or "LOW" (a voltage level below VTL) as shown in figure 2 
Under the proper operating conditions the register in figure 1 outputs a 
HIGH or a LOW on the rising edge of the clock within a nominal delay 
called the "clock to out" delay If the setup and hold times are violated 
the register has a small probability of entering a third region of 
operation called the "metastable" state. Metastable is a Greek word 
meaning "in between" and it is a state between HIGH and LOW Even 
though most synchronizers snap out ol metastability in a short penod of 
time, theoretically this state can persist indefinitely Some of the registers 
built lrom older technologies had metastable states which lasted as 
long as a few microseconds. When the output of a device goes into 
metastability the clock to out delay will be grossly affected This may 
alter the system's worst case propagation delay and potentially lead 
to a system crash! 



CLOCK 




SYNCHRONIZERS 

The design of a synchronous digital system is based on the assumption 
that the maximum propagation delay ol a flip-flop and any other gates 
are known . A digital system is free ol hazardous race conditions and 
timing anomalies if the maximum propagation delay in the system 
does not exceed the clock's period. In systems where an asynchronous 
input is interfaced with a clocked device such as a flip-flop, the 
maximum specified propagation delay of this device may no longer 
be valid if certain electrical parameters are violated Computer 
peripherals, an operator's keyboard, or two independently clocked 
subsystems are instances where there is a possibility of interlacing an 
asynchronous input which will violate the synchronizer's electrical 
parameters. 

A popular device typically used in synchronized systems is the 
edge-triggered register shown in figure 1 . The edge-tnggered register 
will properly synchronize the incoming data to the system's clock as 
long as its operating conditions are satisfied. Table 1 summarizes these 
specifications for Monolithic Memories Inc!s (MMI) 74LS374 register It is 
difficult to guarantee setup and hold time requirements when the data 
is asynchronously interfaced to a register The violation of setup or hold 
time in a register has a probability of initiating a misbehavior termed 
"Metastability" 



Table 1 



VOLT 




SYMBOL 


PARAMETER 


COMMERCIAL 
MIN. TYP. MAX. 


UNIT 


Vcc 


Supply Voltage 


4.5 


5 


5.5 


V 


Ta 


Operating tree air temp. 







75 


°C 


tw 


Width ot clock 


15 


ns 


tsu 


Setup time 


20 


ns 


th 


Hold lime 





ns 



Figure 2 

The diagrams in figure 3 illustrate some examples of waveforms in 
the metastable condition From the waveforms it is evident that the 
outputs are distorted under metastable conditions. Figure 3d shows the 
output ol a typical 74LS374 register manufactured by Monolithic 
Memories. Monolithic Memories family of bipolar devices exhibit 
superior metastable hardened performance due to their high speed 
bipolar technology and advance Schottky TTL circuit design techniques 
Most of these devices typically snap out of metastability in a flashing 1 5 
nanoseconds 

WHY THE SYNCHRONIZER FAILS 

Before attempting to explain how the synchronizer's internal circuity 
fails let's take a look at an interesting problem. 

PROBLEM: In the SR type latch shown in figure 4 what happens if the 
set (S) and the reset (R) inputs are simultaneously raised from a LOW 
voltage level to a HIGH level? 
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transition and will quickly oscillate 10 a nnai sieauy atuieui wmm moui 
or LOW (see figure 3a). To demonstrate this result the reader is 
encouraged to do this excercise either mentally or to actually build the 
circuit and view the output on the oscilloscope. 



triggered flip-flop with an asynchronous data interface If the setup and 
hold times of the flip-flop are satisfied the output behaves properly 
(figure 6a). One of the four possible events below can take place if the 
flip-flop goes metastable: 
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(a) CROSS-TIED NAND GATES 



(b) REGISTER WITH NORMAL BEHAVIOR 



1 ) The output starts to make a transition but snaps back to its original 
state (tigure 6b). 



2) The output makes a complete transition but the maximum propaga- 
tion delay of the device is exceeded (figure 6c) 



3) The output starts oscillating and retains its present state (figure 6d). 



4) The output oscillates to a new state (figure 6e). 
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(C) MONOLITHIC MEMORIES INC'S 
PAL16R4A 



(d) MONOLITHIC MEMORIES INCS 



Figure 3 



Clock driven master-slave flip-flops contain the same type of cross 
tied RS latch within their internal circuitry The NAND gate equivalent of 
the master-slave D type flip-flop is shown in figure 5. The gates circled in 
this figure can potentially behave similar to the above problem. If the 
clock and data are triggered within a specific window of one another 
the output may have an oscillatory behavior before settling down. 




Figure 4 




Cross tied RS latch structure is seen in the master-slave 
edge triggered flip-flop. 

Figure 5 



DATA 




Figured 



The circuit shown in figure 7 is used to obtain expenmental results of a 
metastable device. The circuit can detect and count the number of 
events of metastability The device under test (DUT) is forced into 
metastability by repeatedly sweeping the edges of the data past the 
rising edges of the clock The modulation of the data is possible by using 
a comparator device (Ul ) along with an external sawtooth waveform 
Thousands of transitions are created within the setup and hold time 
window of the DUT. Sweeping the data edges past the low to high clock 
transitions simulates an asynchonous input and increases the probabil- 
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CLOCK 
DATA 

aclock i-^r n^ 




© JITTER BAND SIMULATES AN ASYNCHRONOUS BEHAVIOR 

© MET AST ABLE OUTPUT 

® PROPER OUTPUT WAVEFORM 

© iCLOCK SAMPLES THE OUTPUT (Q) AFTER A DELAY A. 

Figure7 



If the output of the device goes into mefastability it will be detected by 
the comparator pair (U2) and (U3). The comparators will have comple- 
mentary outputs if the output (Q) of DUT is anywhere between VIH and 
VIL. The outputs of fhe comparators are latched by a delayed version of 
the clock (AClock). The EXCLUSIVE-NOR gate followed by the register 
signal the event of metastability to an external counter 

The variable delay (A) between the two clocks will sample the output 
at various locations on the time axis. As (his delay is varied the event of 
metastability is sampled and counted at these locations by our circuit. 
Therefore the output of our circuit measures the rate of metastability 
versus time delay The real behavior of a metastable output can thus be 
effectively characterized with this scheme, that is, we can determine the 
length of time a metastable condition will persist and the density 
distribution of the metastable event 

Three 74374 devices and four PAL devices are used in this experiment 
The plots of metastable failure versus time are shown in figures 8a.b. The 
next section will discuss in detail the characteristics of these plots. 



EXPERIMENTAL RESULTS 



Various graphs of metastability failure rate versus delay time are 
illustrated in figure 8. We can conclude from these graphs that the rate 
of metastability failure decreases as the sample clock (ACLOCK) 
moves farther and farther away from the DUT clock The pictures shown 
in figure 9 have captured repeated events of metastability on the 
oscilloscope. 

Let 's take a closer look at one of the graphs to examine the behavior 
of the device The PAL16R4A-4 device exhibits one count per second if the 
delay (A) is 60 nanoseconds As the delay (A) is decreased, the rate 
increases exponentially until the delay equals 32 ns at which point the 
rale flattens out and remains fixed. The 32 ns forms the knee of our 
graph and will be referred to as Ao The rate will remain constant if the 
delay (A) is decreased past the knee of our graph. Further reduction in 
the delay will place the sampling clock's rising edge prior to data 
transitions and thus the error rate vanishes to zero The time at which the 
rate goes to zero is marked with an (X) on the graphs By using this tune 
(X). and another location on the graph such as the time where only one 
error per second occurs, we can associate an approximate range of 
metastability for different devices This range ol metastability is relened 
to as the "mean time to snap out ol metastability". From the graph it is 
evident that the mean time to snap out of mefastability lor the PAL 1 6R4A- 
4 logic circuit is the diiierence between 60 ns and 25 ns which is 35 ns. 




25 30 35 
Atime (ns) 



Figure 8a 




25 30 35 
Atime (ns) 



Figure 8b 



All of the graphs illustrated can be quantified by an equation ol the 
form: 

log FAILURE = log MAX - b( A - Ao) 

Since a natural logarithm is a constant multiple of base 10 logarithm we 
can rewrite the above equation as: 

a • In FAILURE = a * In MAX — b (A — Ao) 

In the above equation the MAX value is representative of the 
maximum metastability failure rate in our device This MAX value 
is closely related to the frequency at which a metastable condition 
may occur in our device. The frequency at which metastability occurs 
is simply a constant multiple of the product of CLOCK and DATA 
frequency 

MAX = Kl ■ fcLOCK * *DATA 



Substituting this in our original equation we get: 

a • In FAILURE - a • In (Kl • ( C LOCK ■ iDATA) - b(A - AO) 
In FAILURE - In (Kl - Iclock ■ 1 data) - b/a(A - Ao) 
FAILURE - (Kl - (clock ' (data) e" k2 ^ " ao) 
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EXAMPLE 

For the hardware implementation in figure 10 determine the maxi- 
mum clock frequency to give a typical error rate of one failure per year 
We must choose the minimum period to give an error rate of less than 




ASYNCHRONOUS - 
DATA 
(9.6KHZ) 



J3 



Tec 



CLK-OUT=15ns Tcc = 50ns 

Figure 10 



setup = 25ns 




one failure per year. From this result we can determine the maximum 
clock frequency The time A in the equation below will determine the 
distance between clock edges. We must delermine A from the equation 
by numerical extrapolation. The system clock's penod can be repre- 
sented as (A + Tec + setup), or plugging in the numbers it is A+75. 

FAILURE = (Kl • f CL0CK ■ f DATA ) q~ k2(A — ao) 

and plugging in the appropriate values we have: 

3.2EE - 8 = t(lEE - 7) ( l/(A+75ns)) (9600)] WW ( A - 37 >' 




Solving lor A. we see that it is approximately 43 nanoseconds. The 
system period is thus seen to be the sum of 43ns and 75ns or 1 18ns The 
maximum clock frequency is the inverse ol the penod or approximately 
8 MHz. 



PAL16R4A-2 




Figure 9 (2v/DIV 5ns/DIV) 



Table 2 gives the three important parameters which can be used by 
system designers to fully characterize the metastable behavior of the 
mentioned devices. These parameters can be obtained for different 
devices by duplicating this experimeni. An example is given below to 
show how the information on table 2 may help the designer m the 
design of asynchronous systems. 



MANUFACTURER 


DEVICE 


K, (Sec) 


K 2 (ns- J ) 


ao (ns) 




PAL16R4 


1 x 10 ' 


43 


37 




PAL16R4A 


1 x 10 ' 


43 


34.5 


MM I 


PAL16R4A-2 


1 x 10 ' 


.64 


25 




PAL16R4A-4 


1x10 7 


.5 


31 




74LS374 


2x 10-' 


1.8 


27.5 


AMD 


74LS374 


fx 10 ' 


20 


34.5 


FAJRCHILD 


74F374 


2x10 ' 


11.5 


17 5 



Table 2 



CONCLUSION 

Synchronization of two independent pulse trains is possible through 
the use of edge triggered registers The electrical characteristics of the 
flip-flop are alfected when the setup and hold times of the device are 
violated. This misbehavior is termed "metastability" and its probability 
ot occurrence can be derived for a given system The factors which 
aftect this probability and the length of time which a metastable 
condition persists are influenced by the technology of the device as well 
as by the circuit design techniques, 

An important tact which needs to be stressed is that even if a register's 
output goes metastable. the system may not necessarily fail if the 
register snaps out in time to satisfy the system's worst case timing 
requirement. The following design practices are suggested when using 
synchronizers: 

Try to minimize the number of locations where asynchronous signals 
enter your system. 

Clocking the asynchronous inputs through two pipelined registers can 
greatly reduce the error rate. 

Use a single clock within your local system environment. For multiple 
system clocks, derive all the clock signals from a single source to assure 
synchronization between diiterent devices within the system. 

When analyzing the worst case timing of your system, add the time to 
snap out of metastability to any register in an asynchronous data path. 

A single PAL" with registers can be your best choice tor state machine 
analysis of asynchronous events. As the registers have virtually identical 
setup times, the simultaneous observation ol a metastable event by 
dilferent register states are likely to be the same Contrasted to a 
distnbuted system of observing register states with different setup times, 
the PAL system of register slates with identical setup limes is a supenor 
synchronizer 

Avoid edge sensitive devices on the output paths of the registers 
which have asynchronous inputs. The glitch created when the synchro- 
nizer goes metastable is enough lo trigger the edge sensitive device. 
The use of level sensitive devices is generally a better design practice. 

PAL devices can be effective synchronizers where various registeri ng 
schemes are easily implemented. 
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Fast 64x64 Multiplication 
Using 16x16 Flow-Through Multiplier 

and Wallace Trees* 

Marvin Fox, Chuck Hastings and Suneel Rajpal 



The Monolithic Memories SN54/74S556 is a high-speed fully- 
parallel 16x16 multiplier and it provides the entire 32-bit pro- 
duct on a flowthrough basis from a single part. It is available in 
an 84-pin Leadless Chip Carrier (LCC) and 88-pin, pin-grid array 
packages. 8x8 40-pin array-multipliers such as the SN54/74S557/8 
have been available for several years, however there is a large 
parts count for implementing longer wordlengths. 

This paper describes the design philosophy and internal archi- 
tecture of the 'S556 and applications for larger wordlength mul- 



tiplications such as 32, 48, and 64 bits using these multipliers 
and high-speed PROMs and ALUs also available from Monoli- 
thic Memories. 

The system advantages for using the 'S556 over the MPY-16H- 
class multipliers is also discussed; the main advantages being 
the availability of the entire product each cycle and the space 
savings on the board. 



This paper is a slightly updated version o1 the paper by the same name which appeared in the Northcon/83 Professional Program Session Record, Session 24 
reprint, paper 24/2. 10-12 May 1983. A modified version subsequently also appeared in the Mini Micro West/83 Professional Program Session Record. Session 14. 
paper 14/2, 8-11 November 1983. 
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Summary 

Multiplication is one basic digital-computer operation which 
can readily be speeded up by employing massive parallelism. 
"Cray multiplication" techniques, first used in large special- 
purpose computers a quarter of a century ago, are now 
commonplace in high-performance systems. 

Essentially, in Cray Multiplication a full adder is placed in 
every position which would be occupied by a partial-product 
bit in a pencil-and-paper binary multiplication example (r1, 
r2). This technique may be applied within an LSI integrated 
circuit, in a system, or in both at once; it may or may not be 
modified by using "Booth-multiplication" approaches (r3, r4, 
r5). 

8x8 40-pin Cray-multiplier integrated circuits have been 
available for several years, with a useful "flow-through" 
architecture. However the parts count for implementing full- 
blown Cray multiplication with practical scientific-computa- 
tion word-lengths has been quite large. There have, of 
course, been several 16x16 Cray-multiplier 64-pin integrated 
circuits available; however these have been unable, because 
of pin limitations, to furnish an entire 32-bit product in 
parallel. As a result, long-word-length multiplication cannot 
be performed economically on a flowthrough basis using 
these parts; some sort of clocking and multiplexing scheme 
is necessary to use them whenever the wordlength exceeds 
16 bits, or else they must be duplicated outright. 

Now there is a 16x16 Cray-multiplier part, the Monolithic 
Memories SN54/74S556, which provides the entire 32-bit 
product on a flow-through basis from a single part. The 
S556 has been designed to use the new 84-pin leadless- 
chip-carrier (LCC) and 88-pin pin-grid array packages, rather 
than compromising the architecture of the part because of 
the pin limitations (64 at most) of dual-in-line (DIP) packages. 

This paper describes the design philosophy and internal 
architecture of the 'S556. It also shows how long-word- 
length multipliers may be built up from arrays of individual 



Cray-multiplier integrated circuits and programmable read- 
only memories (PROMs); the latter are used as "Wallace- 
tree" adders. Part-count and performance comparisons are 
made, for the representative word length of 64 bits, between 
implementations based on 64-pin 16x16 devices and imple- 
mentations using S556s, in two different architectures; one 
which aims at lower cost and is a compromise between Cray 
multiplication and traditional shift-and-add multiplication. 




. MULTIPLICATION ... CAN READILV BE SPEEDED UP 
BV EMPLOYING MASSIVE PARALLELISM ..." 



S556 Architecture 

The S556, shown in Figure 1, is a 16x16 Cray multiplier 
designed with an ultra-high-speed array of 256 adders, inter- 
nally organized to the shift-and-add technique for multiplica- 
tion (r1, r2). In place of the usual ripple-carry adders used in 
multiplier designs to sum up the final product bits, the S556 
uses a carry-lookahead adder. 
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Figure 1. The S556 Architecture 
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The "flow-through" architecture of the S556 works equally 
well in synchronous or asynchronous pipelined systems. 
Latches are available to hold the input operands and the 
resulting double-length product, to increase the throughput 
rate in pipelined systems. If the designer does not wish to 
use these latches, they may be disabled, and the S556 then 
operates as a pure memoryless arithmetic network. 

The S556 accepts operands in either unsigned or signed 
twos-complement form. When used in pipelined architec- 
tures, the S556 is capable of supplying 32-bit products at a 
12.5 MHz repetitive throughput rate. The S556 has three- 
state outputs, controlled by the TRIL and TRIM control 
inputs. 

Rounding-control input pins are provided on the S556 for 
rounding either unsigned or signed operands. Rounding is 
allowed in either of two binary positions, to support either 
"fractional-arithmetic" or "integer-arithmetic" positioning of 
a single-length rounded result. 

The more traditional shift-and-add technique was chosen 
for the internal design of the S556 adder network because 
of the compactness, simplicity, and lower power requirement 
of this implementation. The Booth-algorithm approach, which 
groups the multiplier bits to effectively reduce the number of 
rows in the array, was considered (r3, r4, r5). However this 
approach also has penalties, in that it increases the width of 
each row from 16 to 18 bits, and the width of the final adder 
from 18 to 24 bits. Intrinsically, both the shift-and-add tech- 
nique and the Booth-algorithm technique require 31 logic 
delays in the multiplier array using a ripple-carry final adder. 
At this point, the use of a carry-lookahead adder structure 
results in major speed improvements. 




Here again there are tradeoffs. In MSI bipolar circuits, 
carry-lookahead parts are reasonable to construct with scan- 
ning widths of up to 4 bits, with a carry-out available (r5). 
Beyond that, the circuit gets bulky and power-hungry. Paral- 
lel "banking" of 4-bit-adder groups may be used to extend 
this limit, but here again 4 to 5 banks is as far as this approach 
can be reasonably pushed. With parallel banking the 24-bit 
adder required by the Booth-algorithm technique can be 
implemented using 6 banks of 4-bit adders; this exceeds the 
limit of 4 to 5 banks. This shows that the Booth-algorithm 



implementation requires fewer horizontal rows of adders, 
which translates to shorter propagation delays as compared 
to shift-and-add technique; however the final adder in the 
Booth-algorithm implementation is slower than the final 
adder in the shift-and-add technique implementation. 

The 'S556 internal design uses an Emitter-Coupled-Logic 
(ECL) circuit implementation, based on Monolithic Memories' 
new washed-emitter process. ECL was chosen here over 
TTL and Emitter-Follower Logic, both of which have been 
used in previous Monolithic Memories Cray-multiplier 
designs (r3, r4). Here, ECL also turns out to have the most 
compact circuit-layout form, requiring 82 square mils of chip 
surface area per full adder. Emitter Function Logic (EFL) was 
chosen for one portion of the design, the carry-lookahead 
tree, because it interfaces easily with single-ended ECL 
outputs. All latches are implemented in ECL, to interface 
easily with the TTL/ECL buffers at the inputs and the 
ECL/TTL buffers at the outputs. The input latches introduce 
one ECL delay, but there is zero additional delay at the out- 
puts as the output latches are incorporated right into the 
ECL/TTL translators. 

The 'S556 is a universal multiplier aimed at a flow-through- 
type-processor architecture. Latches are used since regis- 
ters cannot implement a flow-through architecture directly. 

To be sure, the currently-available 16x16 multipliers from 
TRW and AMD, which use 64-pin dual-in-line packages do 
have a feed-through capability on the output registers. This 
capability allows latch-like transparency on the output 
registers, but nowhere else, since the parts are pin-limited 
and input and output data must in some cases share the 
same pins. Such an implementation consumes considerably 
more chip area and power than a purely latch design. 




"...THE SSS6 INTERNAL PESIGN USES 
MONOLITHIC MEMORIES' NEW 

WASHEP -EMITTER PROCESS- ■■ " 

Many users who wish to use registers to achieve pipelined 
operation can find ways to do so using the S556s' internal 
latches. Usually pipelining can be achieved by choosing the 
proper phasing and pulse width of the latch gate-control sig- 
nals without resorting to using external registers. Of course, 
external registers may be used when absolutely necessary. 

The 'S556 will be supplied in an 84-pin Leadless Chip 
Carrier (LCC), and also in an 88-pin pin-grid-array package, 
with an integral heat sink. Both Commercial and Military 
grade parts will be available. The pinout is shown in Figure 
2a. A photograph of the 84-pin LCC package is shown in 
Figure 2b. 
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Figure 2a. The S556 Pinout Diagram 




Figure 2b. The S556 84-pin LCC package 



Expansion for Longer Wordlengths 

A major advantage of the S556 is the availability of all 32 
product bits in 100 nsec from the very beginning of a multi- 
ply operation, or every 80 nsec on a repetitive pipelined 
basis. [These times, and others quoted in this paper, are 
worst-case rather than typical.) Thus, the S556 is especially 
suited for longer-wordlength arithmetic units. 

Other commercially-available multipliers, of the TRW 
MPY-16H class, are packaged in 64-pin 900-mil DIPs, which 
require a circuit board area of approximately 1" x 3.25!' 
Moreover, these parts operate more slowly in expanded 
configurations, as the most-significant half and the least- 
significant half of the 32-bit double-length product must be 
obtained on two successive clock cycles. 

Totally-Parallel 32-bit Multiplier 

The 'S556, together with PROMs organized in a "Wallace- 
Tree" configuration, can sail along at the rate of four 56x56 
multiplications every microsecond. An unsigned 32-bit multi- 
plication can be performed using 4 'S556 multipliers, 11 
63S481A PROMs used as "Wallace-Tree adders" (M), and 16 
'S381 and 5 'S182 used to form a 64-bit adder. The multipli- 
ers supply the partial products which are positioned as shown 




S55rf.-RXJerH6RU 



A PROMS ORGANIZED 

IN A"WAU-AC£-TR6e"CONFIGURA-nON, CAN SAIL 
RIGHT AljONG AT THE RATE OF FOUR 56 x 56 
MULnPUCATIONS EVERY MICROSECONp... * 



in Figure 3. The difference is that only unsigned operands are 
used, and only positive partial products are added. The three 
rows of partial products which overlap are added by using 
PROMs which "compress" these three rows to 2 rows, which 
are then added in the 64-bit adder. The compression technique 
is discussed in greater detail in the description, later on, of the 
64-bit multiply operation. Using the above configuration, an 
unsigned 32x32 multiply operation can be performed in less 
than 1 75 nsec worst-case allowing for a 75-nsec 'S556 multiplier 
delay, a 30-nsec 63S481A PROM delay and a 64-nsec 64-bit 
adder delay. 



X = X B X A - 32 BITS 
T=Y B Y A — 32 BITS 
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Figure 3. Partial Products for a 32x32 Multiplication 

Alternatively, a twos-complement 32x32 multiplication can 
be performed within 228 nsec using 4 'S556s, 18 'S381s, and 
7 'S182s. This 32x32 multiply operation involves the adding 
up of four partial products as shown in Figure 3. These four 
partial products are generated in four multipliers; the out- 
puts are XA*YA, XA*YB, XB*YA, XB*YB, where X31-16 = XB, 
X15-0 = XA, Y31-16 = XB, Y15-0 = XA. 

The implementation of this twos-complement 32x32 multi- 
plier is shown in Figure 4. The outputs of the 16x16 multipli- 
ers are connected to two levels of adders to give a 64-bit 
product. The first level of adders is needed to add the two 
central partial products of Figure 2, XA*YB and XB*YA. 
Notice the technique which is used to generate the "sign 
extension" or the most-significant sum bit of the first level of 
adders. The 'S556 provides as a direct output the comple- 
ment of the most-significant product bit; having this signal 
immediately speeds up the sign-extension computation, and 
reduces the external parts count. 
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* THESE ARE ADDER BLOCKS USING THES381, A 4-BIT ALU FUNCTION GENERATOR, TO PERFORM A HIGH SPEED ADD 
OPERATION. THE S182 IA A LOOK-AHEAD CARRY GENERATOR AND IT REDUCES THE PROPAGATION DELAY. ALL THE 
ABOVE PARTS ARE AVAILABLE FROM MONOLITHIC MEMORIES INCORPORATED. 

TOTAL MULTIPLY TIME = MULTIPLIER DELAY * ADDER LEVEL 1 DELAY ♦ ADDER LEVEL 2 DELAY = 75 ♦ 64 + 64 = 203 n 
Figure 4. Implementation of the 32x32 Multiplier 



For example, thejnputs to the adder in the most significant 
position are the S31 outputs from the two central multipliers. 
The sign extension of the addition of XA*YB and XB*YA is 

defined as _ 

SIGN EXT = A.B. + A.C + B.C, where 

A is the most-significant bit of the term XA*YB; 

B is the most-significant bit of the term XB*YA; and 

C is the carry-in to the most-significant bits of XA*YB and 

XB*YA, in the adder. 

The sign extension can be computed as the negation of 
the carry-out term of three terms, A, B, and C. This term 
corresponds to the negative of the carry-out of the bit posi- 
tion just one place to the right of the most-significant bit posi- 
tion of the first level of adders. The negative of the carry-out 
can be generated by presenting a carry-out and a binary 
"one" to the most significant bit of the adder. The generated 
sum bit then corresponds to the negation of the carry-out of 
the previous stage, which is the sign extension required to 
be added to the 16 most-significant bits of the XB*YB partial 
product term. 

The second level of adders, which performs a 40-bit add 
function, is fairly straightforward. These adders can be imple- 
mented using S381 four-bit ALUs and S1 82 carry-bypasses 
("carry-lookahead generators"] which are available from 
Monolithic Memories, Inc. and from other vendors. 

Other configurations such as 48x48 multipliers can be 
designed using the same methodology Figure 5 shows the 
alignment of the partial products from 9 S556s for the 48x48 
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Y = Y C Y B Y A - 48 BITS 
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Serial-Parallel Multiplier 

In applications where speed can be sacrificed, it is possible 



96-BIT 2'S COMPLEMENT OUTPUT 

Figure 5. Partial Products for a 48x48 Multiplication 

to implement an alternative solution using fewer multipliers, 
at some penalty in speed, but still with a very significant 
speed gain over other methods of multiplication. Figure 6 
shows a plausible method of performing a 64x64 multiply 
operation, in four cycles. Each cycle generates four partial 
products, each of which is 32 bits wide; these must be added 
in at the appropriately-aligned bit positions to generate an 
80-bit partial product, in logic external to the multipliers. On 
the next cycle another 80-bit partial product is generated, 
and is added to the previous 80-bit partial product at the 
appropriate alignment offset. Figure 7 shows the 16 32-bit 
partial products aligned appropriately to their binary weight- 
ing, for the entire time-sequenced multiply process. The final 
128-bit product can be obtained from the addition of the four 
80-bit partial products on successive clock cycles. 
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THE Y| - PARTIAL 16-BIT OPERANDS Yp, Yc, Y B , Y A ARE LOADED AND 
MULTIPLIED BY THE ENTIRE 64-BIT X OPERAND IN FOUR STEPS TO OBTAIN 
A 128-BIT PRODUCT AS SHOWN IN FIGURE 7. 

Figure 6. A Serial-Parallel Multiplier Architecture 



Totally-Parallel 64-Bit Multiplier 

A speed-oriented hardware configuration takes the approach 
of using whatever external logic is needed for the very fast- 
est possible 64x64 multiply operation. Figure 7 may be 
applied in this case also; it shows 16 32-bit partial products. 
(For simplicity, will assume that the configuration described 
here deals strictly with unsigned integers, so that the 16 
partial products are unsigned.) Since 16 S556s are being 
used, then the 32-bit partial products corresponding to all of 
the combinations of the partitioned multiplier and the parti- 
tioned multiplicand are all available at the same time. Now 
comes the crucial aspect of the design, which involves add- 
ing all of these bits in at the appropriate binary positions! 

Figure 8 shows the aligned configuration of the partial 
products for a 64x64 multiply operation. Each dot represents 
an output bit of the 'S556, shown at the topmost part of 
Figure 8. To generate the final product, these partial prod- 
ucts must be "compressed!' This compression can be 
achieved by grouping product bits in a logical manner, so 



that "deep and short" vectors are compressed to "shallower 
and longer" vectors. What is really being accomplished is the 
addition of several (here 3, 5 or 7) bits having the same 
weight into a simple binary sum; and then the adding up of all 
of these (overlapping) sums, which is normally much easier. 
This two-step summation is performed by a "Wallace-tree- 
adder" arrangement (r1, r2, r3) in which 7 vectors of varying 
lengths are compressed to 2 vectors, and these are in turn 
presented as 2 operands to a single carry-lookahead adder. 
The dots shown in the inverted pyramidal array in the middle 
of Figure 8 represent compressed outputs generated from 
the first level of dots. The lowermost array of dots represent 
the inputs to the adder; these are "compressed" outputs from 
the Wallace-Tree array. 

For example, group A shown in Figure 8 consists of a 3x3 
column of bits. If all of these bits were binary "ones" then the 
result when they were added would be 3 + (3.2) + (3.4) = 
21, which is representable in 5 binary positions. This is pre- 
cisely what "A1 " signifies; a compression of a 3x3 block, A, to 
a 5-bit vector, A1. The compression can easily be achieved 
by using a PROM, with the 9 bits of A as address lines, and 
the outputs as A1. The PROM used in this example is the 
Monolithic Memories 63S481A 30-nsec 512x8 PROM; only 
five of the eight output bits are used. Designers may prefer 
to group the bits in a different configuration from the one 
suggested in Figure 8; many other arrangements are pos- 
sible. For example, one may group another column of three 
bits and thereby reduce a 4x3 block to a 6-bit vector, using 
63S3281S, which are (40-nsec 4Kx8 PROMs); this approach 
would give a different pattern than the one in the middle of 
Figure 8. 

Similar compressions for Group B to B1 can be performed 
using 63S441/1A 1Kx4 PROMs. This configuration com- 
presses five 2-bit vectors to a 4-bit vector, which fits the 
10-bit input address and 4-bit output word of the 1Kx4 
PROM. 
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Figure 8. Partial Product/Bit Grouping for a Totally Parallel 64x64 Multiplier 



Other compressions shown are C and D groups to C1 and 
D1 respectively. The C group is handled by compressing five 
1-bit vectors to a 3-bit vector. The D group is handled by 
compressing seven 1-bit vectors to a 3-bit vector. The C and 
D groups can be compressed using S141/1A 256x4 PROMs. 
Similarly, groups E, R G. and H are compressed to E1, Ft, G1 
and H1 respectively. All the above mentioned PROMs are 
available from Monolithic Memories. 

The second level of dots has some groups of four columns. 
These four-column groups contain 3 bits in the least- 
significant bit position, and 2 bits in the remaining columns. 
These 9 inputs can be compressed using a 63S481A 30- 
nsec 512x8 PROM, to a vector 5 bits wide. For parts-counting 
purposes, the same 63S481A PROM type is used for all the 
compressions in the middle of Figure 8. 

To aid users in the programming of PROMs for these and 
other Wallace-tree applications, or in fact any other applica- 
tions exploiting PROMs as logic elements, Monolithic Mem- 
ories provides Programmable Logic Element /ASseMbler 
(PLEASM), a portable computer program written in FOR- 
TRAN. PLEASM provides a simple method for generating a 
PROM truth table. The user has only to supply equations 
which define the arithmetic/Boolean function needed within 
the PROM; PLEASM does all the drudgery of figuring out 
the code values which are needed in each PROM location. 

Sample PLEASM source codes are shown at the end of 
this paper. For example, the entire 1Kx4 PROM which 
reduces the five 2-bit vectors to a 4-bit vector can be 
specified, using PLEASM, in 15 or fewer lines of code. With- 
out PLEASM or its equivalent, the user would have had to 
specify the contents of 1024 PROM locations, after comput- 
ing the corresponding code values for those locations. 

Performance Comparisons 

The bottom line for any hardware-architecture analysis is 
how fast the system runs, and what it costs in circuit-board 



real estate and dollars. With this understanding, a perfor- 
mance table is derived, based on three configurations. 

The first is the configuration of Figure 7, using 4 'S556 
multipliers; the entire multiplication takes four clock cycles. 
In addition to the multiplier ICs, a 64-bit adder is needed for 
the four partial products, which effectively furnishes a 80-bit 
partial product on every cycle. A 64-bit adder can be used to 
do the addition, since the least-significant partial-product 
bits are available directly. The 80-bit partial product has to be 
shifted 16 bits and then added to the second 80-bit partial 
product, which implies a need for a 64-bit register and an 
80-bit ALU, which together serve as an accumulator. 

The second configuration is the totally-parallel design 
using 16 S556 multipliers plus PROMs and ALUs, shown in 
Figure 8. 

The third configuration uses TRW-MPY16H-class 64-pin 
16x16 multipliers. The entire 32-bit product of an MPY-16H 
is available on two successive clock cycles, as the product 
lines are shared with the incoming data. An additional 145 
nsec is added to the MPY-16H time to allow for the neces- 
sary clocking and multiplexing steps to occur: effectively, 
the operands cannot be pipelined at one clock cycle as may 
be done in the S556 architecture. Even if the pin-compatible 
Am29516 multiplier is used, a cycle is still wasted, as two 
cycles are needed to clock the entire multiplier. 

There is one way around this problem, when using the 
Am29516 multiplier; twice as many multipliers are used, and 
a pair of adjacent multipliers receive the same input oper- 
ands. One multiplier of the pair then outputs the least- 
significant half of the product, and the other multiplier of the 
pair outputs the most-significant half of the product; thus, 
the two paired Am29516 64-pin DIPs are functionally a quasi- 
equivalent of the 84-pin S556, albeit they require many 
times the circuit board area. 

The analysis in the Table 1 assumes the use of 16 MPY- 
16HJ multipliers. 16 16-bit registers are needed to hold the 
16 halves of the various different partial products. After the 
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16 32-bit products are available, then the Figure 8 configura- 
tion is applicable to this case as well. In terms of speed, it is 
assumed that the MPY-16HJ multiplier configuration takes a 
clock cycle (145 nsec), more than the computed delay. The 
computed delay in this case is that of the MPY-16HJ in its 
feedthrough mode, followed by that of the compressor array 
of Figure 8. 



Multiply 
Configuration 


Speed 


Components Used 


64x64 Multiply 
Serial-Parallel 


4x215 nsec 


4 'S556S 
36S381S 
11 S182s 

8'S374s 


64x64 Multiply 
Totally-Parallel Using 
'S556s 

(84-pin packages) 


226 nsec 


16S556S 

27 63S481AS (512x8) 
16 63S441s(1Kx4) 
33 63S1 41 s (256x4) 
32S381S 
1 1 'S382S 


64x64 Multiply 
Clocked Parallel 
Using MPY-16HJ 
(64-pin packages) 


481 nsec 


16MPY-16HJ 

32 S374S 

27 63S481S (512x8) 
16 63S441s(1Kx4) 

33 63S1 41s (256x4) 
32S381S 

1 1 'S382s 



Table 1. Performance Comparisons 



Conclusion 

The S556 16x16 multiplier is an excellent building block for 
longer-wordlength multipliers. It is useful in graphics 
systems, array processors, minicomputers, and large main- 
frame computers. It surpasses the currently-available 64-pin- 
DIP multipliers in that the entire 32-bit product is available 
on every clock cycle. 

Some configurations which use 'S558-type 8x8 multipli- 
ers as building blocks for a 56x56 multiplier are discussed in 
r1 and r2. 
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Appendix- Sample PLEASM Source Listing -To Reduce Group B In Figure 8 



FIVE 2-BIT INTEGER ROW PARTIAL PRODUCTS ADDER 

MM I SANTA CLARA, CALIFORNIA 

. ADD AO Al BO Bl CO CI DO Dl EO El 

.DAT PO PI P2 P3 



P3,P2,P1,P0 = A1,A0 .+. B1,B0 .+. CI, CO .+. D1,D0 .+. E1,E0 ; P = A+B+C+D+E 



FUNCTION TABLE 



Al AO 


b: 


BO CI 


CO Dl 


DO El 


EO P3 


P2 PI P0 
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2 + 2 + 2 
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10 


HH 


HP 


HH 


HH 


HH 


HHHH 


3 + 3 + 3 
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3 




15 



DESCRIPTION 

THIS PLE10P4 PERFORMS PARTIAL PRODUCTS REDUCTION FOR WALLACE TREE 
COMPRESSION. FIVE ROWS OF 2-BIT NUMBERS (A1-A0, B1-B0, C1-C0, 
D1-D0, AND E1-E0) ARE NUMERICALLY SUMMED TO PRODUCE A 4-BIT RESULT 
(P3-P0) . 
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Dl DO 
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FIVE 2-BIT INTEGER ROW 
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PROMs yield delayed pulses 
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If you need a highly accurate, delayed pulse with 
adjustable width, the circuit shown in the figure will do 
the job. The circuit can operate at repetition rates as 
high as 20 MHz, a limitation set by the bipolar PROMs' 
access time (in this case, 50 to 60 nsec) and the counters' 



maximum clock rate (32 MHz for the example's 
74LS193). To generate a delayed pulse from the original 
input pulse, program the PROMs to yield a logic Low 
upon reaching the desired delay count and a logic High 
at the end of the delayed pulse's period. 

The delay count equals the desired delay divided by 
the clock period. In the schematic shown, you need an 
OR gate because PROM A goes through several 
intermediate counts before both counters attain the 
final delay count. To set up your desired pulse width, 
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ALL OTHER ADDRESSES ARE PROGRAMMED WITH OUTPUTS HIGH (F). 
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Obtain accurate pulse delays and widths with this PROM-based circuit. The circuit operates with clock rates as high as 20 MHz 
and allows you to program very precise pulse parameters. You can extend the scheme s capabilities by adding more counters and 
additional PROMs. 
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generate anuiner puise mai represents me aaaea aeiay 
(equal to the desired delay plus the pulse width). 

These two pulses then serve to set and reset a flip 
flop that generates a delayed pulse with the pro- 
grammed width. You can obtain additional pulses by 
using the PROMs' other two outputs. The feedback 
resets the circuit so that the next input pulse can start 
the delay counting again. A specific program example is 
shown in (b). 

The design has several modification possibilities. If 
you need a longer delay (without sacrificing accuracy), 
you can add more counters and PROMs. Moreover, an 
8-output PROM allows the generation of more delayed 
pulses. If you need smaller pulse widths or more 
accurate delays, you can disconnect PROM A's A« 



leit in tne scnematic. mis action allows tne determina- 
tion of a new set of delay counts, effectively doubling 
the input clock-rate capability. 

What are the limitations of this circuit? First, 
because all address inputs must change simultaneously, 
the circuit demands synchronous counters. Second, you 
shouldn't use large-capacity EPROMs, because then- 
increased access time reduces the maximum clock rate, 
thus reducing the accuracy of both the delay and the 
pulse width. 



EDN FEBRUARY 23, 1984 
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output registers, the Diagnostic PROMs feature a Shadow 
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applications for these devices are discussed in this paper. 
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High-Speed PROMs with 

On-Chip Registers and Diagnostics 

Vincent J. Coli. Stephen M. Donovan and Frank Lee 



A family of High-Speed Registered and Diagnostic PROMs 
offers new savings for system designers. The Registered PROM 
family features on-chip D-type ouput registers which are useful 
in pipelined systems and state machines. In addition to output 
registers, the Diagnostic PROMs feature a Shadow Register 
which makes it easier for system designers to include diagnostics 
in microprogrammed systems Architectures and applications 
for these devices are discussed in this paper 

Architectures 

In digital systems, it is natural to have a PROM followed by a 
register. This structure is particularly useful in microprogram- 
ming and state machine design. The Registered PROM family 
includes an on-chip Output Register as illustrated in Figure 1 . By 
integrating these two building blocks into one chip, the follow- 
ing benefits are realized: 

1. 2-to-1 chip count reduction 

2. PC-Board space saving 

3. Reduced power consumption 

4. Eliminate the PROM output buffer and register input buffer 
and their associated delays. 
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Figure 1. Registered PROM Block Diagram with 
Synchronous Initialization 



In addition to the on-chip Output register, the Diagnostic 
PROMs include extra circuitry to perform system level diagnos- 
tics, DOC (On-Chip). Specifically, a buried Shadow Register 
with shifting capability and a 2:1 multiplexer are provided. A 
block diagram illustrating the Diagnostic PROM architecture is 
given in Figure 2. 

Shadow register diagnostics allows observation and control of 
all points in a digital system by scanning through the Shadow 
Register, As a result, test vector generation is greatly simplified 
and a high degree of fault coverage can be easily obtained. A 
standalone 8-Bit Diagnostic Register (SN54/74S818 shown in 
Figure 3b) is also available. Several references are listed at the 
end of this paper which provide a detailed description of diag- 
nostic architecture and how to use it, including Session 16of this 
conference (see r4). 



Figure 2. Diagnostic PROM Block Diagram 

Product Families 
Registered PROMs 

The Registered PROMs are configured in 8-bit wide organiza- 
tions with densities of 4K, 8K, and 1 6K. The following Registered 
PROMs are available: 

53/63RA481 — 51 2 words x 8-bit memory with both syn- 
chronous and asynchronous three-state 
enables and preset and clear functions 

53/63RS881 — 1 024 words x 8-bit memory with both syn- 
chronous and asynchronous three-state 
enables and Asynchronous initialization 
words 

53/63RA1681 — 2048 words x 8-bit memory with asynch- 
ronous three-state enable and 16 syn- 
chronous initialization words 

53/63RS1681 — 2048 words x 8-bit memory with synchro- 
nous three-state enable and 16 synchro- 
nous initialization words 
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Figure 3a. Logic Symbols lor the Registered PROM Family 



Diagnostic PROMs 



The Diagnostic PROMs are configured in 4-bit wide organiza- 
tions with densities of 4K.8K and 16K. The following Diagnostic 
PROMs are available: 

53/63DA441 — 1024 words x 4-bit memory with asynch- 
ronous initialization and two asynchro- 
nous three-state enables 

53/63DA442 — 1024 words x 4-bit memory with both 
asynchronous and synchronous three- 
state enables 

53/63DA841 — 2048 words x 4-bit memory with asynch- 
ronous initialization and asynchronous 
three-state enable 

53/63D1641 — 4096 words x 4-bit memory with asynch- 

ronous three-state enable 

53/63DA1643 — 4096 words x 4-bit memory with asynch- 
ronous initialization and totem-pole 
outputs 

Both the Registered PROMs and Diagnostic PROMs are availa- 
ble in space-saving 24-pin SKINNYDIP* (0.3- inch wide) pack- 
ages and are specified over both commercial and military 
temperature ranges. 

Features 

Edge Triggered Registers 

Data from the PROM is loaded into the Output Register on the 



rising edge of the clock The use of the term register" is to be 
distinguished from the term "latch," in that a register contains 
master-slave flip-flops while a latch contains gated flip-flops. In 
other words a registei is edge-triggered while a latch is 
level-sensitive. The output of a register will change only on the 
rising edge of the clock. A latch holds whatever input data is 
piesent on the falling edge of the clock. The distinguishing 
advantage of a register is that its output will only change on the 
rising edge of the clock, while a latch becomes transparent 
(output follows input) when the clock is HIGH. As a result, 
system timing is simplified and faster microcycle times can be 
obtained. 



Asynchronous Programmable 
Initialization 

The Output Register can be loaded with a user-programmable 
initialization word. Each flip-flop in the Output Register may be 
individually programmed to either a HIGH state or a LOW state 
so that when the Initialize pin (I) is active (LOW), the Output 
Register will now contain this initialization word Note that the 
initialization operation will occur independent of a clock pulse. 
Also, this feature is a superset of a preset and clear function 
Therefore programmable initialization can be used to generate 
any arbitrary microinstruction for system reset or interrupt. This 
feature if offered in several of the Diagnostic PROMs. 



SKINNYD!P» is a registered trademark of Monolithic Memories. 



9-31 



High-Speed PROMs with On-Chip Registers and Diagnostics 



53/63DA441 



53/63DA442 





53/63DA841 




Figure 3b. Logic Symbols for the Diagnostic PROM Family 



Synchronous 
Initialization 

This feature provides sixteen user-programmable synchronous 
initialization words. As illustrated in the Block Diagram (Figure 
4), with the synchronous initialize pin (IS) LOW, one of sixteen 
column words (A3-A0) will be loaded into the Output Register 
following the clock pulse and independent of the row addresses 
(A9-A4). This is useful for implementing a small (<16word) reset 
or interrupt routine. With all IS column words (A3-A0) pro- 
grammed to the same pattern, the IS function will be independ- 
ent of both row and column addressing and may be used as a 
single pin control. This feature is offered in several of the Regis- 
tered PROMs. 

Three-State Drivers 

The output of the register is buffered by three-state drivers 
which are compatible with low-power Schottky three-state bus 
standards Thus VOL is 0.5 volts at IOL of 24 mA. VOH is 2.4 volts 
at IOH of -3.2 mA, and IOS minimum is guaranteed to be -20 
mA. These hefty standards provide ample drive to meet the 
requirements of many bus standards. 



Synchronous and Asynchronous 
Enables 

Both synchronous and asynchronous outpu^enable options are 
available. The synchronous output enable (ES, see figure 5a), 
which is sampled on the rising edge of the clock, is used when 
more than one PROM is bused together to increase word 
length. In this case the enables effectively become the most 
significant address bits and, as such, must be registered just as 
data. Stated another way, when the clock goes high, the address 
is free to change , requiring enable information to be remem- 
bered somewhere. It is most appropriate to store the enable 
information. When the enable is not used, or when the outputs 
are to be gated onto some type of bus, the registered enable 
tends to get in the way. For this reason, the asynchronous output 
enable option (E, seeFigure5b) is offered to allow direct control 
of the enable independent of the clock. For parts which have 
both synchronous and asynchronous output enables (see Fig- 
ure 5c), outputs are enabled if, and only if, ES is LOW during the 
last rising edge of the clock and E is LOW. 
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Figure 4. Block Diagram of 24-pin 53/63RA1681 Registered 
PROM. The 2Kx8 Registered PROM Contains Sixteen 
Programmable Initialization Words 
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Figure 5b. Asynchronous Output Enable (E) 
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Figure 5c. Enabling of Outputs_for Both Synchronous 
and Asynchronous (E) Output Enables 



Application Areas 
Microprogram Control Store 

Microprogramming is the technique of using control programs 
stored in high-speed memory, such as bipolar PROMs, to 
instruct a digital system to perform various functions. A typical 
microprogram control store architecture is given in Figure 6. 



The Microprogram Sequencer generates the addresses for the 
Microprogram Memory which stores the control program. The 
Microprogram register assures that all bits change simultane- 
ously after the clock pulse and allows for pipelining instruction 
fetch and instruction execution. Some bits from the register are 
fed back to the sequencer while others are used for system 
control. This field of bits is called a Microword. 
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Figure 6. Typical Microprogram Control Store 

Pipelined Systems 

Pipelining is the art of designing digital systems such that delays 
associated with causal operations occur in parallel. A complex 
operation is divided into several smaller stages which are per- 
formed during clock cycles. Just as a widget traveling down an 
assembly line, each stage is operating on a piece of information 
which the previous stage operated on during the previous clock 
cycle. Maximum utilization of the hardware, which translates 
into maximum system performance, is achieved when the pipe- 
line is full. The fall-through time for any piece of data through the 
system is the same (or even longer), but the number of pieces of 
data processed per unit time is greatly increased. 

Clearly the benefit in pipelining microprogrammed systems is 
that instruction fetch and instruction execution times can be 
overlapped. Therefore the microcycle time is defined as the 
longer of either fetch or execution times, rather than the sum of 
both fetch and execution times, as illustrated in Figure 7. 

Pipelining can also be used to obtain higher performance in data- 
intensive systems such as array processors where a large 
amount of data is coming in for processing without passing 
through the CPU. It is very inefficient to hold the next set of data 
until the previous data has propagated through all of the logic 
blocks in the system (Figure 8a). It is more efficient to pipeline 
the system and load new data after the previous data has been 
passed to the next block (Figure 8b). 
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Figure 7. Length of Microcycle for Pipelined and Non-Pipe- 
lined Systems. Note that Delays are Overlapped in 
the Pipelined System, While Delays are Summed in 
the Non-Pipelined System 
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Figure 8a. An Example of a Nonpipelined (Fall-through) Ap- 
proach to Arithmetic Operation 
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Figure 8b. Pipelined Arithmetic Operation. Note That 
tpo = MAX [tPD (blk 1), tp D (blk 2), tp D (blk 3)] + tp D (reg) 

Programmable Logic Elements (PLE) 
Devices 

Since the inputs of PROMs are fully decoded and the outputs are 
definable for all possible input combinations, PROMs can be 
used as logic elements, replacing several levels of logic gates. 
PROMs are particularly useful for this application since the 
PROM provides a vast number of product terms (2 n , where n is 
the number of inputs) so that any transfer function can be 
implemented in a PROM with a sufficient number of inputs. The 
Ouput Register can be used to eliminate static hazards (glitches) 
which are normally unavoidable in PROMs. The Monolithic 
Memories trade name for high-speed PROMs used for logic is 
"PLE" (acronym for Programmable Logic Element). Monolithic 
Memories has developed a software tool called "PLEASM" 
software (PLE Assembler) to assist in designing and program- 
ming PROMs as PLEs. PLEASM is available for many computers 
and may be requested through the Monolithic Memories 
IdeaLogic Exchange. References r6, r7 and r8 offer an in-depth 
discussion of programmable logic applications for PROMs. 

State Machines 

A natural extension of using PROMs as logic elements is to use 
Registered PROMs as single-chip State Machines, n a classic 
state machine, the present state (or output) is a function of both 
the present inputs and the previous state. The combinatorial 
logic is implemented in the PROM array and the Output Register 
is used to store the state. One or more of the Registered PROM 
outputs are connected to address inputs in order to provide the 
state of the machine. The abundance of product terms in a 
PROM used to implement combinatorial logic translates into an 
unlimited combination of states. For example, a 2Kx8 Registered 
PROM can implement a 4-input, 8-output machine with any 
combination of 128 states. States and inputs can be traded off to 
provide a wide range of possible state machines. The program- 
mable initialization feature is convenient to initialize the state 
machine. 
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Some Application Examples 
64-Bit Microcontroller 

A 4096-word by 64-bit wide microcontroller can be constructed 
using sixteen 4096x4 Diagnostic PROMs (53/63D1641) and one 
Programmable Array Logic (PAL®) chip. This controller sup- 
plies thirty-six control signals, four status select bits, and two 
addresses of twelve bits each (Figure 9) — one for the Next 
address and one for the Jump address. 

In this design, three PROMs are used to store the Next address 
while an additional three PROMs are used to store the Jump 
address. Note that three 4-bit wide PROMs provide sufficient 
inputs to address the full 4096 words of Microprogram memory. 
One PROM is used to store four status select inputs to the PAL 
device which is used as a multiplexer for test conditions. 
A PAL16C1 logic circuit or PAL20C1 device is ideal for this Test 
Mux since these parts provide many inputs (16 and 20 respec- 
tively) and complementary output (both true and inverted) 
polarities. The remaining nine PROMs are used to store the 
36-bit Microcontrol word. Note that a Microprogram sequencer 
is not used in this architecture. 
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The Microcontrol signals control various parts of the CPU and 
other external blocks such as memory and I/O. For certain 
microinstructions, some operations may involve a Jump. The 
4-bit status select PROM will select a status bit from the test 
conditions to a pair of complementary outputs which will enable 
either the Next address or the Jump address. The address 
enabled will point to the Next microinstruction in the bank of 
PROMs. If no conditional Jump is needed, both the Next address 
and the Jump address will be the same. 

For example, a Jump will be performed if bit 11 of the test 
conditions is set; the status select bits will be 1011 (which 
represent 1 1 ) and the status to be tested and its complement will 
appear on the outputs of the PAL device. Noting that the output 
enables of the Diagnostic PROMs are active LOW, the true PAL 
device output controls the NEXT address PROMs, while the 
inverted PAL device output controls the Jump address PROMs. 
If the test status is TRUE, the PAL device output disables the 
Next address PROMs while the inverted PAL device output 
enables the Jump address PROMs. The reverse will occur when 
the test status is FALSE. This Next/Jump decision is illustrated in 
Figure 10. 



-SDO 
CLK 



SELECT NEXT 



1 — 1 SELECT JUMP 



TEST 
MUX 



TEST 
CONDITIONS 



Figure 9. 64-bit Microcontroller Using Sixteen 4Kx4 Diagnostic PROMs and One PAL Device 
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Figure 10. Microprogram Memory Map Illustrating the Next 
Address/Jump Address Decision Made by the Test 
Multiplexer 

The decision cycle time is computed by the following equation: 
1 



MAX - 



*su + *CLK + l PD + 'PXZ 



where 



t su = address setup time for the diagnostic PROM 
t CLK = clock to output delay of the PROM 
tpo = propagation delay in the outside logic 

( PXZ = output enable/disable delay for the diagnos- 
tic PROM. 



Note that the decision time can be decreased if the Next/Jump 
decision is made one clock cycle ahead and stored using a 
synchronous enable. This scheme will reduce the decision time 
by an amount equal to the propagation delay through the PAL 
Test Mux, but microcoding this system will become much more 
complex. 

Fewer PROMs would be required if an even/odd Jump address 
scheme were used (such as only allowing Jumps to certain 
paragraphs), however this decreases the flexibility of PROM 
addressing. 



Pseudo Random Number Generator 

In the data path, a Registered PROM can be used to implement 
complex functions such as a Pseudo Random Number (PRN) 
Generator. PRN sequences are useful in encoding and decoding 
of information in signal processing and communication sys- 
tems. They are used for data encryption in secure communica- 
tion links, and error detection and correction codes in data 
communication systems. PRN sequences are also utilized as 
test vectors for testing digital systems and as reference white 
noise in many signal processing applications. 
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There are many techniques for generating PRN sequences. The 
most common technique is to use "n" stages of linear shift 
registers with feedback paths to determine a polynomial which 
characterizes a PRN sequence. Figure 11 illustrates a typical 
mechanism for generating PRN sequences. 



The advantage of using a PROM (or PLE) device for imple- 
menting PRN sequences is that any polynomial can be quickly 
customized in it. In data encryption systems where the code is 
frequently changed for protection from mischievous eaves- 
droppers, a PROM can be used to generate a new code each time 
or several codes can be implemented in the same PROM. 
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Figure 1 1 . An "n" Stage Linear Feedback Shift Register (LFSR). 

The PRN Sequence Generated is Characterized by 
a Polynomial of Degree n. The Feedback Terms and 
Logic Functions Determine its Binary Coefficients 
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Figure 12. A Three-Stage Pseudo Random Number Generator 
Implemented in a Registered PROM (PLE) 
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An example of a PRN generator implemented in a Registered 
PROM is shown in Figure 12. A linear 2-input XOR function is 
used to generate a PRN sequence characterized by a polynom- 
ial of degree 3. The PRN sequence is of maximum length with 
period 7. 

Cyclical Redundancy Check (CRC) is widely used for Error 
Detection in data communication. Both serial and parallel CRC 
can be performed depending on the nature of application. 
In serial data transfer on Local Area Networks, or between 
peripheral and main memory, serial CRC is the preferred and 
perhaps the most efficient technique. However, systems em- 
ploying wide data buses for high-speed short-distance data 
transfer require a high-speed mechanism of ensuring data 
integrity. In these applications, parallel CRC might be the better 
alternative. 

The implementation of an M-bit parallel CRC is more complex 
than its serial counterpart. Although both use Linear Feedback 
Shift Register (LFSR) configurations, the parallel implementa- 
tion requires M-bit carry look-ahead circuitry to process the M 
data bits simultaneously (see reference r9). The equations for 
this carry look-ahead represent the output of each stage in the 
LFSR after every shift of an M-bit string of data. These equa- 
tions contain a large number of XOR operations which make it 
very efficient to implement in a Registered PROM. 



To illustrate with a practical example, Figure 14 shows the 
serial implementation of the CRC generator polynomial 

G(X) = X 16 + X 12 + X 5 +1 

also called the CRC-CCITT standard. Figure 16 shows the 8-bit 
carry look-ahead equations for an 8-bit parallel CRC implemen- 
tation of the same polynomial. These equations are derived in 
reference r9, where an implementation in four PAL devices is 
also shown with a maximum delay of 90 ns. Figure 15 shows an 
implementation in only three Registered PROMs and one SSI 
chip. The maximum delay is 50 ns. 

The speed of operation of parallel CRC implemented in Regis- 
tered PROMs will remain the same for any generator polynom- 
ial and M. Increasing the complexity of the carry look-ahead 
equations only increases the number of devices required to 
implement them. It does not increase the delay. 
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Figure 13. Block Diagram of an 8-Bit Parallel CRC 
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Figure 14. A 16-Bit Linear Feedback Shift Register (LFSR) Implementing a Serial CRC Generator 
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XO (n + 1) := X8 (n) e X12(n) 9 D(3) • D(7) chipl 

X1 (n + 1) ;= X9 (n) 9 X13(n) 9 D(2) 9 D(6) chip2 

X2 (n + 1) := X10(n) 9 X14(n) 9 D(1) 9 D(5) chip3 

X3 (n + 1) := X11(n) 9 X15(n) 9 D(0) 9 D(4) chip3 

X4 (n + 1) := X12(n) S D3 chipl 

X5 (n * 1) := X8 (n) 9 X12(n) 9 X13(n) 9 D(2) 9 D(3) 9 D(7) chipl 

X6 (n + 1) := X9 (n) • X13(n) 9 X14(n) 9 D(1) 9 D(2) • D(6) chip2 

X7 (n + 1) := X10(n) 9 X14(n) ® X15(n) 9 D(0) 9 D(1) 9 D(5) chip3 

X8 (n + 1) - XO (n) 9 X11(n) 9 X15(n) 9 D(0) 9 D(4) chip3 

X9 (n + 1) := X1 (n) 9 X12(n) 9 D(3) chipl 

X10(n + 1) := X2 (n) 9 X13(n) 9 D(2) chip2 

X11(n + 1) := X3 (n) 9 X14(n) 9 D(1) chip2 

X12(n + 1) := X4 (n) 9 X8 (n) 9 X12(n) 9 X15(n) 9 D(0) 9 D(3) 9 D(7) chipl 

X13(n + 1) := X5 (n) 9 X9 (n) 9 X13(n) 9 D(2) 9 D(6) chip2 

X14(n + 1) := X6 (n) 9 X10(n) 9 X14(n) 9 D(1) 9 D(5) chip3 

X15(n + 1) := X7 (n) 9 X11(n) 9 X15(n) 9 D(0) 9 D(4) chip3 



where Xi (n + 1) is the next state value of the corresponding 

register i, i = 0, .... 15 
Xi (n) is the present value of the corresponding 

register i, i = 15 

D (n) is the parallel input data bits, where n = 7 



Figure 16. Carry Look-Ahead Equations for 8-Bit Parallel CRC with G(X). The Equations 
are Partitioned into Parts for Efficient Implementation in Three Chips 



Summary 

There are many interesting applications for high-speed Regis- 
tered and Diagnostic PROMs. The integration of a Shadow 
Register in the Diagnostic PROM greatly simplifies system level 
diagnostics. 
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A new concept called Diagnostics On-Chip (DOC) was intro- 
duced in the industry recently. A series of new products with 
shadow register diagnostic capability is coming. These new 
products use this new concept and will provide a cost effective 
solution to the issue of testability for digital systems. 

Introduction 

In developing a digital system, cost is a very sensitive issue. For 
the OEMs, cost itself can be categorized as R & D, manu- 
facturing, marketing, testing and maintenance costs, etc. The 
strategy is to reduce the overall cost for a system. Since 
marketing cost is about the same for all systems of a certain type 
and R&D cost is a one-time expense, it will be beneficial to put in 
diagnostic features to reduce the future expense in testing and 
maintenance. 

If a large system goes down, it will not be practical to test all the 
chips individually. An alternative is to have built-in test circuits. If 
an error occurs, it can be located by running a test sequence 
through the system. It will definitely save a lot of time and expense 
compared to using tens or hundreds of man hours to debug the 
system manually. 

Basics of Diagnostics 

The test problem has two major facets: 

1. Test generation. 

2. Test verification. 

Test generation is the process of determining the test sequence for 
a circuit which will demonstrate its correct operation. Test verifica- 
tion is to prove that the circuit works with the test vectors. Fault 
simulation has been the best technique of yielding a quantitative 
measure of test effectiveness. Test sequences are automatically 
generated and verified in the circuit after simulating a single 
"stuck-at-type" of fault in it. By observing the circuit outputs, faults 
can be detected and a quantitative measure of test effectiveness 
can be evaluated. 

This technique is efficient for testing combinatorial circuits, 
especially smaller circuits where the test sequence is trivial. For a 
more complex circuit, many techniques are available, such as 
D-Algonthm, Compiled Code Boolean Simulation and Adaptive 
Random Test Generation. 

The techniques for combinatorial circuits are inefficient and 
ineffective for sequential circuits. As a first approximation, one 
can treat a sequential circuit as being purely combinatorial 
within each clock cycle and test it with the above techniques for 
a particular state. Every time the machine makes a transition to a 
new state, the test sequence is different. This is a very costly way 
of testing the circuit, especially if it has many states. Moreover, 
one should have the knowledge of initial state, illegal states, and 



sequences to bring the machine out from an illegal state into a 
known state. All these problems pertaining to testing of sequential 
circuits have given rise to the concept of "design for testability". 



The key concepts are CONTROLLABILITY and OBSERVABILITY. 
Control and observation of a network are essential to implement 
its test procedure. Various designs for testability methods have 
evolved in the last five to six years. All of these methods have the 
same objective — to be able to control and observe critical points in 
a network. These techniques allow test generation problems to be 
completely reduced to the generation of test vectors for combina- 
torial logic. 

For example, consider the case of the AND gate: 



Figure 1. A Simple 2-lnput AND Gate 

In order to test for a stuck-at-1 (sal ) fault, it is necessary to put 'A' 
to '0', 'B' to T, and observe output 'C for '0' or '1 '. If '0' is observed 
at C, then the AND gate is good for sal fault: otherwise there is a 
fault. In order to fully test the AND gate, the following test 
vectors are to be exercised: 

ABC 



1 1 Detect sal 
10 0/ 

111} Detect saO 



Table 1. A Set of Test Vectors Fully Covering all Stuck- At-Faults 
of the AND Gate in Figure 1 

As the circuit becomes more complex, it is more difficult to control 
and observe every signal path. Thus, it becomes essential to give 
serious thought to the testability of the circuit through the design 
phase. One approach is to adopt structured design methodology. 
Ideally, this means that the design is totally synchronous with the 
system clock. 

Most structured design practices are built upon the concept that 
if the values in all of the registers can be controlled to any specific 
value, and if they can be observed with a straightforward opera- 
tion, then the test generation, and possibly the fault simulation 
task, can be reduced to doing test generation and fault simulation 
for a combinatorial network. A control signal can switch the 
memory elements from their normal mode of operation to a 
mode that makes them controllable and observable. 
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A simple but effective way to convert a sequential network to a 
combinatorial one is by breaking the feedback loop and inserting 
the test data in place of the sequential data in the feedback 

registers. 



diagnostic data into latches, testing the system with that data 
and then shifting out the test result. DOC uses a buried register, 
called a shadow register, through which diagnostic data is 
shifted in and out. 




Figure 2a. A Simplified Representation of a Sequential Network 




^> OUTPUTS 



Figure 2b. The Feedback Path on the Sequential Network is 
Broken in Order to Reduce the Network to a 
Pseudo-Combinatorial One 



There are many methods of design for testability practiced in the 
industry, like LSSD, ScanPath, Scan/Set, Random Access, and 
BILBO. All of these techniques require additional hardware, 
mostly shift registers, in order to input test sequences and to 
observe critical points in the circuit. It appears that additional 
cost in terms of special hardware has to be incurred for 
designing testability and structured design. But since the cost of 
hardware is declining, the trade-off is advantageous in the 
reduction of testing cost of bigger circuits. 



Shadow Register— Why? 

For the LSSD. outputs from the microcontrol store will contain 
some intermediate data when diagnostic microinstructions are 
shifted in and test results are shifted out. If several control 
signals are used to drive several ports on the same bus, it is 
possible that more than one port may be enabled at the same 
time by the intermediate data (as shown in Figure 4). thus 
creating a bus fight. The result may be hazardous to your 
system. Other hazards such as disk crashes are also possible. 
Designing with LSSD forced compromises in system design. 



LOAD/ 
SHIFT 



MICROPROGRAM 
PROM 



MICROINSTRUCTION/ 
SHIFT REGISTER , 




-SHIFT OUT 
- CLOCK 



TEST 
MUX 



TEST 
CONDITIONS 



CONTROLS 



Figure 3. Serial Scanning Techniques Simplify Testing by 
Serially Shifting in Test Data and Shifting Out Test 
Result 



Moreover, the circuit is well monitored and documented. Thus 
when the boards are in the field, and if there is a fault in a 
particular board, each block of the circuit can be monitored 
efficiently and the fault can be easily diagnosed, thus reducing 
maintenance cost in the future. 



Previous Diagnostic Schemes 

There are two basic methods to load in test vectors: parallel 
loading, and serial scanning. 

Parallel loading of data in and out requires very wide input and 
output buses and is not worthwhile. Besides, it would not be 
effective to store and analyze the results. Built-in digital circuit 
observer (BIDCO) is a modified example of parallel loading of 
diagnostic data using a pseudorandom number generator to 
generate test vectors. 

Serial scanning needs several clock cycles to load in or shift out 
the test results. It may take several minutes to run all the diagnostic 
vectors through the system. Considering the time needed to 
analyze the results and repair, the time taken to run the 
diagnostic vectors is insignificant. Examples of serial scan 
diagnostics techniques are level-sensitive scan design (LSSD) 
and Diagnostic-On-Chip (DOC). LSSD involves shifting of 



BIT BIT 1 BIT 2 BIT 3 



SERIAL 
INPUT 



1 I" 
OTHER 
CONTROL 
SIGNALS 



SERIAL 
OUTPUT 



Figure 4. Potential Bus Fight May Appear as Port A and Port B 
may Both be Enabled when Test Data or Result is 
Shifted Through the Register Bits (Also Called 
Three-State Overlap) 

If the diagnostic data is shifted into some buried registers which 
are not directly tied to the control lines, the above problem can be 
avoided. This is the concept of Diagnostic-On-Chip (DOC) which 
uses shadow register diagnostics. 

An additional feature for a shadow register is to permit test vectors 
to be shifted in during normal execution, which means it is not 
necessary to hold up the system too long in order to perform 
diagnosis. 

A shadow register is basically a buried register with shift 
capability (Figure 5). There is also an output register whose 
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outputs appear to the rest of the system. Each output flip-flop 
has an associated flip-flop in the shadow register. An output 
flip-flop drives a three-state buffer before going to the output pin. 
If the output is disabled, the output pin may be converted to an 
input pin. This feature is very important if the output is driving a 
bus and sampling of data on the bus desired. 

INPUTS 



COMBINATORIAL 
NETWORK 



SOI- 
DCLK " 




SHADOW 
REGISTER 



MULTIPLEXER 



• OUTPUT REGISTER 



SDO 



OUTPUTS 
B LINES, BI-DIRECTIONAL 
(IF OUTPUT BUFFERS ARE 
THREE-STATE) 

Figure 5. A Typical Diagnostic IC Using DOC 

The input to any bit of the output register is multiplexed from one 
of two sources: 

1 ) The less significant bit location in the shadow register (or SDI for 
the least significant bit). This operation is just a simple shift register. 

2) The same bit location in the shadow register. 

3) Data on the output pin at the same bit position. This data may be 
the output of the corresponding bit of the output register if there is 
no output enable pin or if the output is enabled, or the input to that 
pin if there is an output enable pin and the output is disabled. 

Function Table 



The input to a bit of the shadow register is multiplexed from one 
of three sources: 

1) The corresponding input bit from the memory array. 

2) The corresponding bit location in the shadow register. 

Since the data shifted in during the diagnostic mode does not 
appear on the output bus, the system will never see the interme- 
diate results of the serial shift. Therefore, all control signals will be 
valid and the hazards associated with L.SSD are eliminated. 

With this concept in mind, a new standard for upcoming system 
diagnostics can now be presented. 

Cascadability of the Diagnostic ICs 

One very significantfeature of the diagnostic parts is their cascad- 
ability. Diagnostics is not done very frequently. Therefore, it is very 
costly to put many data and control lines and ICs on a board just 
for testing. One way to minimize the cost is by having one input line 
and one output line and shift in all the bits serially. This means that 
the SDO of a diagnostic chip must be able to connect to the SDI of 
another diagnostic chip. Noting that SDI can be both the data input 
or the control input, SDO must contain the most significant bit of 
the shadow register if SDI is the data input, and must pass the 
content of SDI if SDI is used as a control signal. 

There is only one data input and one data output to the diagnos- 
tic parts. When serial data is shifted in or shifted out, data has to 
be passed from one diagnostic chip to another. Since SDI must 
be passed from chip to chip (if it is used for control), it is 
necessary for logic designers to make sure the fall-through time 
of SCI to the last chip and the setup time from SDI to DCLK are 
satisfied. 

The Diagnostic IC Family 

A family comprised of 4K, 8K and 16K Diagnostic PROMs 
(DPROM) with 4-bit output organizations and 8-bit Diagnostic 
Register is available from Monolithic Memories. These devices 
are packaged in industry standard 24-pin SKINNYDIP® (0.30- 
inch wide) packages and are specified over both commercial and 
military temperature ranges. 
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S3 


Shift shadow register data 
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S3 
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while shifting shadow register data 
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X 
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SDI 


Load output register from shadow register 
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* 
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HOLD 


Sn — Qn 


SDI 


Load shadow register from output bus 


H 
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t 


HOLD 


HOLD 


SDI 


No operationt 



Clock must be steady or falling, t Write back from shadow register to input bus (SN54/74S818 Diagnostic Register only). 

Table 2. Operation of the Diagnostic ICs in a Digital System 
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The Diagnostic component series consists of the following 
products (see Figure 6 below for the Logic Symbols): 

53/63DA441 — 1024 words x 4-bit memory with asynchronous 
initialization and two asynchronous three-state enables 

53/63DA442 — 1024 words x 4-bit memory with asynchronous 
initialization and both asynchronous and synchronous three- 
state enables 

53/63DA841 — 2048 words x 4-bit memory with asynchronous 
initialization and asynchronous three-state enable 

53/63DA1641 — 4096 words x 4-bit memory with asynchronous 
three-state enable 

53/63DA1643 — 4096 words x 4-bit memory with asynchronous 
initialization and totem-pole outputs 

SN54/74S818 — 8-bit register with asynchonous three-state 
enable and write-back capability to the inputs, basically for 
loading of writeable control store (WCS). Even in the case of 
non-writeable control store, diagnostic registers should also be 
used in breaking the loops of the sequential system 



The introduction of the DPROMs and diagnostic register results 
in a new standard for diagnostics. Noting that the diagnostic 
devices need controls over two independent registers and a 
multiplexer, a number of overhead pins are necessary. These 
overhead pins must be defined in a way that the diagnostic parts 
can be cascadable. 

The diagnostic ICs need the following pins in addition to those 
used in a similar part without the diagnostic features: 

1) Diagnostic Clock (DCLK)— The diagnostic clock is used to 
clock the shadow register. 

2) MODE — This pin is used in selecting the data to the registers. 
For the output register, MODE = LOW indicates that the output 
register is being used as a normal register: MODE = HIGH indi- 
cates that the next state of the output register will be obtained from 
the shadow register. For the shadow register, MODE = LOW 
indicates serial data from SDI (see below) is shifted in every 
diagnostic clock; MODE = HIGH switches SDI from a data input to 
a control input. See below for details. 



53/63DA441 



53/63DA442 



53/63DA841 
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3) Serial Data In (SDI)— When MODE = LOW, this pin is used for 
shifting serial data in. When MODE = HIGH, SDI serves as a 
control pin. If MODE = HIGH and SDI = LOW, data from the 
output pins will be loaded to the shadow register on the next 
DCLK. MODE = HIGH and SDI = HIGH indicate a reserved 
operation for diagnostic PROMs, and is used for write-back for 
the diagnostic register. 

4) Serial Data Out (SDO)— When MODE = LOW, this pin carries 
the shift-out bit of the shadow register. When MODE = HIGH, 
the SDI becomes a control pin and the control signal should be 
passed along if several diagnostic parts are connected together 
serially. So SDO should carry SDI along in this case 

This standard is being used in designing all current and future 
diagnostic devices. 



Some Applications Examples 

A simple controller can be constructed using Diagnostic PROMs 
together with other functional blocks such as the arithmetic 
logic block and peripheral control. The Diagnostic PROMs serve 
two purposes— sequencing the address of the microinstruction 
and controlling the rest of the system. 

The sequencing field of the control store contains two addresses 
for sequential and jump addressing modes. The selection of the 
next address depends on the current status of the CPU. The 
arithmetic logic block and I/O control will give certain status bits 
which will be selected by the status multiplexer. The status 
multiplexer is controlled by certain bits of the microprogram 
control word. It should have complementary outputs so that one 
and only one of the addresses will be selected at any time of 
operation of the controller. A PAL® device with complementary 
outputs will normally provide a cost-effective solution to this 
multiplexer. 



ADDRESS 
DIAGNOSTIC PROMS 



NEXT JUMP 
ADDRESS ADDRESS 



FUNCTIONAL 
BLOCK 



CONTROL STATUS 



A continue statement can be implemented by having both 
addresses programmed to the next sequential address while an 
unconditional jump can be done by programming both ad- 
dresses to the Jump address. 

The control PROMs provide signals to control various functional 
blocks of the controller and other external blocks such as 
memory and I/O. 

Since the other functional blocks such as the arithmetic logic and 
I/O control of the system also have sequential logic, it may be 
necessary to break the loops in those blocks so that diagnosis can 
be done on the whole system. The diagnostic registers can be 
incorporated in those blocks in places such as the registers (say, 
memory address registers, memory data registers, and instruction 
registers, etc.) The diagnostic data and result shifted into and out 
of the CPU can also be shifted through the diagnostic registers. 

Another more detailed example of how the diagnostic parts can 
be built into a system begins in Figure 8. The system consists of 
blocks like CPU, main memory, auxiliary memory, and I/O ports. 
These functional blocks are normally independent of each other 
as far as testability is concerned. 



CONTROL 



BUS 



Figure 7. A Simple Controller 



ADDRESS BUS 

Figure 8. A Typical Digital System 



An example of a CPU is given in Figure 9a. The diagnostic parts 
are used to substitute the instruction register, memory data 
registers, status register, memory address registers, and the 
microprogram control store. The only additional block to a 
typical system without diagnostic features is the diagnostic 
controller. The diagnostic controller should be able to supply 
the system with signals like MODE, SDI, DCLK, and the register 
clock (CLK). In other words, the diagnostic controller in itself is a 
supercontroller of the processing unit. It should also be noted 
that all feedback paths, except those for the register files, are 
broken. 



PAL* is a registered trademark of Monolithic Memories. 
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Figure 9a. A CPU Using DPROMs and Diagnostic Registers 
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Figure 9b. Data Flow During Normal CPU Operation 
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Figure 9c. Shifting on of Test Vector. Dotted Lines Represent Data Flow in the CPU if the 
Loading of Test Vector is Hidden in Normal CPU Operations 
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Figure 9d. After the Last Bit of the Test Data is Shifted In, the Output Registers Will be Loaded 
With the Test Vector Which Will be Used to Test the System (Control the System) 
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Figure 9e. The Test Result is Then Loaded Back Into the Output Register (Observe the 
System) 
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Figure 9f . The Test Result is Shifted Out at the Same Time the Next Test Vector is Shitted In. 

Again Dotted Lines Represent Data Flow in the CPU if the Loading of Test Vector 
is Hidden in Normal CPU Operations 
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In normal operation, the diagnostic controller will inactivate the 
diagnostic feature by setting MODE = LOW and disabling DCLK 
and have the CLK free running. 

When diagnostics is needed, the following sequence is performed: 



Function Table 
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I Indicates a rising edge of the corresponding clock. 
* Clock must be steady or falling 

** If diagnosis is to be performed embedded in regular CPU cycle, CLK should also be clocked. If not, CLK should be steady or falling 



Table 3. Operation of Diagnostic ICs in a Digital System 
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A block diagram of a simple diagnostic controller is shown in 
Figure 10. The central control unit of this controller may be a 
disk-based unit or even another PROM. Since in normal oper- 
ation MODE remains LOWand only CLK is active, it is possible to 
include a switch in Figure 10 so that the diagnostic controller will 
be inactive (see Figure 11). 
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Figure 10. A Block Diagram of a Diagnostic Controller 




Figure 11. Including a Switch to Disconnect the Diagnostic 
Controller from the CPU 



Some Final Thoughts 

More complicated systems may have co-processors, DMA, I/O 
ports, etc., in addition to the CPU. A top-down approach will be 
very efficient in testing such systems by first locating the defective 
board, followed by the locating of the defective part in that board. 

The diagnostic PROMs and registers can also be used in mini- 
computers, data storage devices, and peripherals. 



i being used for diagnostics, the serial shifting feature 
present in a diagnostic component can also be applied to serial 
character generators, other serial to parallel and parallel to serial 
converters, serial code generators, etc. 
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A Compiler for Programmable Logic in FORTH 1 



Michael Stolowitz 



This paper describes the implementation of a very compact 
compiler, written in the FORTH language, which is used as a 
design aid in the generation of digital systems using Program- 
mable Array Logic elements (PAL®) devices. The compiler 



produces a fuse map for generation of a target part from an 
algebraic description of the input/output relationships. Many of 
the techniques used are applicable to other areas. 



This paper is a slightly modified version of the paper by thesame name which appeared in the 1 982 FORML Conference Proceedings, pages 257 -265. 6-8 October 1962; 
available from the FORTH Interest Group. P.O. Box 1 105. San Carlos. CA 94070. (FORML stands for FORTH Modification Laboratory.) 
PAL* is a registered trademark of Monolithic Memories. 
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Background 

The schematic diagram of a typical PAL device is shown in 
Figure 1. Note that this part contains multiple logic device 
elementsandoutputsfromgatesorflip-flops. Each intersection 
in the matrix on the left represents a connection made by a fuse. 
These fuses may be blown (one time only) to customize the part 
for a particular application. The digital-system designer writes a 
set of Boolean equations for the outputs as functions of the 
inputs. This is most conveniently done using signal names from 
the application as shown in Figure 2. These expressions must be 
translated into a hexadecimal data file for transmission to a 
"programmer" test instrument, capable of blowing the undesired 
fuses to produce the target part. 

It is not impossible to encode this data manually, but the process 
is tedious and provides considerable opportunity for error. 
A FORTRAN program (PALASM™) is available, but FORTRAN is 
not usually available on microprocessor-based development 
systems, and the used of remote systems is not convenient. For 
the above application and for the reasons stated, the program 
PAL device was implemented in FORTH. 

Implementation 

The PALs device program uses the same concept as many of the 
FORTH-based assemblers: namely, an environment is created 
which allows the source data to be interpreted directly. As in the 
case of the assemblers, this approach led to a surprisingly short 
program. 

In a FORTH-style assembler, a single pass is made of the source 
data. The interpreter must be able to process each element of 
the input stream as it is encountered. In an assembler, each of 
the operation-code mnemonics is an executable word, whose 
function is to generate a particular machine-language instruc- 
tion. In PALs, when the logical expressions are interpreted, each 
of the signal names is an executable FORTH word. The function 
of an output signal name is to make the row of fuses associated 
with its first term current, and to set all of the fuses in this row to 
be blown. The function of an input signal name is to cause the 
fuse to be spared which is at the intersection of the current row 
and the column associated with the named input. The output of 
the PALs program is the fuse map, which is created in its final 
format by the interpretation of the logical expressions. The fuse 
map for the application of Figure 2 is shown in Figure 3. 

All of the signal names must be defined before the logical 
expressions are encountered by the interpreter. Since the rows 
and columns of the matrix are associated with specific pins of 
the PAL device, the signal names are created by the declarations 
which associate signal names with pins. When the declarations 
are interpreted, the pin numbers (i.e., the words 1.-20. and not 
the integers 1-20) have already been defined. Pin numbers are 
defining words whose function it is to create signal names. 



The various types of PAL logic circuits differ in number of inputs 
and outputs. For this reason, the various PAL type are executa- 
ble words. The function of a PAL type is to cause the appropriate 
set of definitions for pin numbers to be placed in the dictionary. 
For this reason, the PAL type is executed before any of the 
pin/signal declarations. 

The only word which precedes the PAL type in the input is the 
word PALs. While this happens to be the name of the program, it 
is also an executable word whose function it is to make PAL the 
current and context vocabulary. A PAL logic circuit contains 
definitions for all of the PAL type, and for Boolean operators in 
the FORTH vocabulary. 



Details 

The 16R4 was selected as an example (Figure 1) because it 
contains most of the features found in the PAL device family, 
including: input signals which are available in both true and 
inverted forms, gate outputs which may have individual three- 
state controls, and clocked outputs. As shown in the example, 
the output signals are connected to columns in the fuse matrix, 
and may therefore be used as inputs. Many of these features 
require some consideration by the program. 

Negation — Inputs may be used in expressions in either their 
true or complemented forms. The operator "/" sets a flag called 
INVERT, which causes the column number of the next input 
executed to be incremented. The column number of the com- 
plemented signal is always one greater than the column number 
of the corresponding true signal. 

Logical "OR" — Execution of the Boolean "+" increments the 
current row number, selecting the next term of the current 
output. 

Feedback — The use of internal feedback means that an output 
signal name may appear as a factor in a term, i.e.. outputs may 
sometimes be inputs depending on the context. The question of 
which function an output signal name is to perform is resolved 
with a flag called IN/OUT, which indicates which type of signal is 
expected. IN/OUT is set by outputs, and cleared by inputs. The 
Boolean "*" is used to set the flag again between consecutive 
inputs. 

Ouptut Inversion — PALS requires that all expressions be written 
as the sum of a group of terms. For logical consistency, the 
designer must indicate an inverted output by defining the 
expression for the complement of the output, which he indicates 
with a "/" (the inversion operator) in front of the output signal 
name. 



PAL" is a registered trademark of Monolithic Memories. 
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Logical vs. Electrical Expression — The use of a negation 
operator as described above results in electrical expressions 
rather than logical expressions. The operator indicates that the 
input must be LOW, and ignores the fact that the signal might be 
assertive-HIGH or assertive-LOW. A naming convention was 
developed which allows the expressions to be interpreted 
logically. The convention is to begin the names of all assertive- 
LOW signals with the symbol: "/". When reading expressions, 
the 7" is pronounced "NOT" whether it is part of the name or an 
independent operator. Double negatives are not pronounced.* 

The Code — The complete code for PALS may be found in 
Figures 4 and 5. The compiler itself is on four FORTH screens. 
The two additional screens show examples of PAL device-type 
def in itions for six of the most common types. The six screens are 
usually printed on a single page. 

The FORTRAN program PALASM™ (1981 version) appears on 
pages 3-58 through 3-63 of the second edition of the PAL® 
Programmable Array Logic Handbook. Subsequent updates of 
the source code have not been published, but are available 
(subject to a charge and an agreement) from the Monolithic 
Memories Inc. IdeaLogic Exchange. 

A partial glossary of the PALS code follows: 

MAP is the structure in which the output is generated. 
PWR2 is used to make a bit mask. 

ADDR converts column and row to byte and bit within the 
map. 

FUSE is used to toggle a bit in the map. 

(INPUT) is what input signals do. 

INPUT creates pins which create input signals. 

NEXT-TERM is used by output signals and "+" to select a 
row, and to clear its fuses. 

OUTPUT creates pins which create output signals. 
PAL. prints the symbolic map as in Figure 3. 
PAL-TYPE is the defining word for PAL types. 

* Editor's ncte: in this respect. Mike Stolowitz's program allowsa syntax convention 
(double negative) which isn't supported by PALASM. 



Summary 

One of the objectives of the PALS compiler was that the source 
data and documentation for the resultant part should be one and 
the same. This insures that the documentation is always up to 
date, since it must have been created first. It also eliminates the 
possibility of documentation errors occurring when documen- 
tation is produced after-the-fact by an independent process. 

This application program is in use by people who have little or no 
knowledge of FORTH. A FORTH system with the compiler has 
been modified to load and run as a CP/M .COM file. The 
program accepts the name of a text file, which it interprets a line 
at a time. 

The techniques described above have also been adapted to the 
compilation of other forms of programmable logic, including 
Field-Programmable Logic Arrays (FPLAs) and Field-Program- 
mable Logic Sequencers (FPLSs). 

Why is the PALs program so simple in FORTH? In FORTH, it is 
rarely necessary to write code tor the entire application. It is only 
necessary to extend what already exists to include the application. 



The author. Michael Stolowitz. is a digital hardware/software systems con- 
sultant specializing is personal computer systems and peripheral devices 
Since this paper was published, he has considerably extended the features of 
the PALS program from what is described here; in particular, PALS can now 
produce JEDEC-format files. Questions may be addressed to Mr Stolowitz at 
(415) 837-3867, 335 Merrilee Place, Danville. CA 94526. 
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— 



\ PROJECT 


FORML 1982 






\ FUNCTION 


EXAMPLE PAL 






\ Bbf 


MICHAEL STOLOWITZ 




\ FILE 


EXAMPLE .TXT 






\ DISK 


FORML 






\ REVISION 


10/04/82 






PALS 16 R4 








1 . PHI 




11. 


/ OE 


2 . PHI 




12. 


A0 


3. / SET- TWO 




13. 


SYNC-INH 


4. CDSB 




14. 


/LATCH-DATA 


5 . WAIT 




15. 


STB-ENA 


6. /AS 




16 . 


/ TWO-CYC 


7 . /MAS 




17 . 


/WAIT 


8. /UDS 




18. 


SYNC 


9 . / LDS 




19. 


/ DTACK-INH 


10. GND 




20. 


vcc 


/ SYNC 


/ CDSB ( 


TRI-STATE ENABLE ) 




+ /MAS 








+ /UDS 


* 


/LDS 




+ / SYNC 


* 


/ SYNC-INH * 



/ SYNC-INH 

/ /TWO- CYC 

/ STB-ENA 

/ / WAIT 

/ /LATCH- DATA 



/ PHI 



+ 
+ 
+ 



HI ( TRI-STATE ENABLE ) 
/AS 

/ SYNC-INH * / SYNC 

/ /TWO-CYC * / STB-ENA * / PHI 



SYNC 
/ / TWO- CYC 



* / / SET- TWO * / /AS 

* STB-ENA * / /AS 



/ /AS 



/ / DT. 



ACK-INH 



/ A0 



/ SYNC * / STB-ENA 
+ / SYNC * /WAIT 

WAIT 

= / /TWO-CYC * /WAIT * 

+ / /LATCH- DATA * / /AS 

HI ( TRI-STATE ENABLE ) 
+ / UDS * /LDS 
+ / /SET-TWO 
+ / /TWO-CiTC 



HI ( TRI-STATE ENABLE ) 
+ / SYNC-INH * / /UDS * /LATCH- DAT A 

+ SYNC * / /UDS * /LATCH- DATA 



PAL. 



Figure 2. Example of Source Data for PAL16R4 Application 
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1 x — x — 

2 X 

3 x 

4 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

5 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

6 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

8 x — 

g X 

12 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

13 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

14 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

15 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

16 x 

17 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

18 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

19 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

20 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

21 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
2 2 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

23 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

24 -XX- -X-- 

26 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

2 7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

28 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

29 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

3 id xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

31 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

32 X X 

34 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

3 5 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

3 6 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

3 7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

38 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

39 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

4 x X -X 

42 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

43 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

44 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

45 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

46 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

47 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 



Figure 3. Fuse Map for PAL16R4 Application 
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SCR #99 (63H) 

\ fuse addr pwr_ M y in/out invert last-out row h/ 1 15Sep82mcs 

1 

2 CREATE MAP 512 ALLOT 

3 VARIABLE IN/OUT VARIABLE INVERT 

4 VARIABLE LAST-OUT VARIABLE ii/ L 

5 VARIABLE ROW 
6 

7 : PVJR2 (S n — 2**n ) 1 SWAP ? DUP IF DO DUP + LOOP THEN ; 

ADDR ( col — addr bit ) ( addr = r5 r2 rl r0 c4 c3 c2 cl c0 ) 
ROW @ 8 /MOD SWAP 32 * ROT + SWAP ( bit = r4 r3 ) 
4 /MOD 256 * ROT + MAP + SWAP PWR2 ; 

FUSE (S col — ) 
INVERT @ + Id INVERT 1 ADDR TOGGLE ; 



SCR 

1 
2 
3 
4 
5 
6 
7 
8 
9 
13 
11 
12 
13 
14 
15 



#100 (64H) 

\ (input) input next-term 

: (INPUT) (S 'col — ) 
@ FUSE IN/OUT 1 ; 

: INPUT (3 col -- ) ( pin's dot name ) 
CREATE , DOES> 
(S — ) ( pin's signal name ) 

@ CREATE , DOES> 
IN/ OUT @ 0= ABORT" Output Required!" (INPUT) 

: NEXT-TERM (S — ) 

LAST-OUT @ DUP @ 0= ABORT" No More Terms 1" 
-1 OVER +1 2+ DUP @ ROW 1 1 SWAP +1 
32 DO I FUSE LOOP 1 IN/ OUT 1 ; 



15Sep82mcs 



SCR 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
15 



#101 (65H) 
\ output twk pal . 
: OUTPUT (S row #rows col -- ) 

CREATE , , , DOES> 

(S — ) 

CREATE , DOES> 

@ IN/ OUT @ IF ( input expected ) 
DUP @ 31 > ABORT" No Internal Feedback 1 
ELSE ( output expected ) 



( pin's dot name ) 
( pin's signal name ) 

( INPUT) 



15Sep82mcs 



INVERT @ H./L 9 + 1 - ABORT" Invert Output Equationl' 
2+ ^AST-OUT ! INVERT 1 NEXT-TERM THEN ; 
TWK ( col — ) ROW li SWAP ADDR OVER C@ OR SWAP Cl 

PAL. CR 64 DO I ROW 1 I 3 .R 2 SPACES 
32 DO I 3 AND 0= IF SPACE THEN 

I ADDR SWAP C@ AND IF ." -" ELSE ." X" THEN LOOP 
CR I 8 MOD 7 = IF CR THEN ? KEY IF LEAVE THEN LOOP 



Figure 4. The PALS FORTH Program (Screens 1-3) 
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[ BLK @ ] LITERAL, + LOAD 



PAL DEFINITIONS 



SCR #132 (66H) 

\ pal-type pal pals + / * = HI NC 30Sep82mcs 

1 : PAL-TYPE (S +scr h/ 1 ) 

2 CREATE , , DOES> 2@ H/L 1 

3 MAP 512 ERASE INVERT 1 

4 : SKIP ( — ) BL WORD DROP ; 

5 VOCABULARY PAL IMMEDIATE 

6 : NC (S — ) BL WORD DROP ; 

7 : + (S — ) NEXT-TERM ; 

8 : / (S — ) 1 INVERT 1 ; 

9 : * (S — ) IN/ OUT @ ABORT" Input Expected!" 1 IN/ OUT 

10 : HI (S — ) IN/ OUT 1 ; 

11 : = (S — ) ; 

12 1 PAL-TYPE 10L8 1 1 PAL-TYPE 10H8 2 

13 2 PAL-TYPE 16R6 2 PAL-TYPE 16R8 2 

14 FORTH DEFINITIONS 

15 : PALS (S — ) [COMPILE] PAL DEFINITIONS ; 



PAL-TYPE 16R4 
PAL-TYPE 16L8 



SCR 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



#103 (67H) 
\ 10L8 10H8 

2 INPUT 1. 
12 INPUT 5. 
28 INPUT 9. 
56 2 BL OUTPUT 12 
40 2 BL OUTPUT 14 
24 2 BL OUTPUT 16 

8 2 BL OUTPUT 18 
: TWEEK (S — ) 



INPUT 2. 
16 INPUT 6. 
: 10. SKIP ) 



4 INPUT 3. 

20 INPUT 7. 

30 INPUT 11. 

48 2 BL OUTPUT 13. 

32 2 3L OUTPUT 15, 

16 2 BL OUTPUT 17 . 

2 BL OUTPUT 19 , 



30Sep82mcs 
8 INPUT 4. 
24 INPUT 3. 
; 20. SKIP ; 



FORTH 80DO20DOJ8* 1+ ROW i 

6 TWK 7 TWK 11 TWK 14 TWK 15 TWK 18 TWK 

19 TWK 22 TWK 23 TWK 26 TWK 27 TWK LOOP LOOP PAL ; 



SCR 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



#104 (68H) 

\ 16R4 16R6 16R8 16L8 



: 1 . SKIP ; 
12 INPUT 5. 
28 INPUT 9 . 

56 8 30 OUTPUT 12. 

40 8 22 OUTPUT 14. 

24 8 14 OUTPUT 16. 

8 8 6 OUTPUT 18. 

: TWEEK (S — ) ; 



INPUT 2. 
16 INPUT 6. 
: 10. SKIP ; 



4 INPUT 3 . 

20 INPUT 7. 
: 11. SKIP ! 

48 8 26 OUTPUT 13. 

32 2 18 OUTPUT 15. 

16 8 10 OUTPUT 17 . 

8 2 OUTPUT 19. 



30Sep8 2mcs 

8 INPUT 4. 
24 INPUT 8. 
: 20. SKIP ; 



Figure 5. The PALS FORTH Program (Screen 4) and Definitions (Screens 5-6) 
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High-Speed Bipolar PROMs Find New 
Applications As Programmable Logic Elements* 

Vincent J. Coli and Frank Lee 



Classic applications for bipolar PROMs include instruction 
storage for microprogram control store and software for micro- 
processor programs. However, due to a new design methodology 
and state-of-the-art performance, PROMs are finding increasing 



numbers of applications as Programmable Logic Element 
(or PLE) devices. This paper will cover the architecture, applica- 
tions, and software support for PLE devices. 



This paper is a slightly modified version of the paper by the same name which appeared in the Conference Proceedings of the 9tn West Coast Computer Faire, 
pages 40-47; April 1984. 
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Vincent J. Coli and Frank Lee 



Classic applications for bipolar PROMs include instruction 
storage for microprogram control store and software for micro- 
processor programs. However, due to a new design meth- 
odology and state-of-the-art performance, PROMs are finding 
increasing numbers of applications as Programmable Logic 
Element (or PLE) devices. This paper will cover the architecture, 
applications, and software support for PLE devices. 

Fuse-Programmable Logic Families 

A typical combinatorial Boolean equation can be written in 
sum-of-product form, which consists of several AND gates 
summed at an OR gate. In general, a set of combinatorial 

Boolean equations with n inputs (10, 1 1 In— 1 ) and m outputs 

(O0, 01 Om-1) can be generated through one level of 

AND gates followed by one level of OR gates. Custom logic 
functions can be defined using programmable logic. 



N 


AND 
ARRAY 




OR 
ARRAY 











■ OUTPUTS 



Figure 1. Structure of Programmable Logic Devices 

Fuse-programmable devices normally consist of two levels of 
logic — AND-array and OR-array — as suggested above. There 
are three basic types of fuse-programmable devices — PROM 
(Programmable Read Only Memory), PLA (Programmable Logic 
Array), and PAL® (Programmable Array Logic) devices. Which 
arrays are fuse-programmable distinguish these three types of 
devices. 

PLAs offer the greatest flexibility since both the AND and OR 
arrays are programmable. This flexibility comes with the cost of 
lower performance, higher power dissipation, and generally 
higher price. 

A PAL device has only the AND-array programmable; the OR- 
array is fixed. Each output has an OR gate associated with it 
which sums a fixed number of product terms (AND combina- 
tions). Statistically there is only a limited number of product terms 
in any equation. So the flexibility of a PLA is normally not 
needed. This is a compromise between flexibility and cost and 
performance. 

The OR-array is programmable in a PROM, but the fixed AND- 
array consists of all combinations of literals for each of the input 
variables. For example, there are 32 product terms available in a 
PROM with 5 inputs a,b,c,d,e (corresponding to words Othrough 
31 in the PROM memory): 

/aVbVcVdVe (Word 0) 
/aVbVcVd* e (Word 1) 
/a7bVc*d*/e (Word 2) 



' b* cVd* e 
b* c* dVe 
b* c* d* e 



(Word 29) 
(Word 30) 
(Word 31) 



where '*' represents the Boolean AND operator and '/' repres- 
ents the Boolean NOT or inverter operator. The fuses in the 
OR-array are programmed to select the desired AND 
combinations. 



PROGRAMMABLE 
LOGIC ELEMENT 

PROGRAMMABLE 
LOGIC ARRAY 

PROGRAMMABLE 
ARRAY LOGIC 




FIXED AND ARRAY 
PROGRAMMABLE OR ARRAY 

BOTH ARRAYS 
PROGRAMMABLE 

PROGRAMMABLE AND ARRAY 
FIXED OR ARRAY 



Figure 2. Structural Difference Between PLE (PROM), PLA 
and PAL Devices. Note that the PAL and PLE Logic 
Circuits Complement Each Other. The PAL Device 
has Many Input Terms While the PLE Device is Rich 
in Product Terms 



The existence of all combinations of literals for all inputs makes it 
possible to define functions which cannot be implemented in a 
PLA or a PAL device. For example, a 5-input Exclusive-OR 
(XOR) function can be implemented using sixteen product 
terms. This may exceed the number of product terms available in 
a PAL device and will consume too many product terms in a 
PLA, but can be constructed quite efficiently in a PROM. It is 
important to realize that any combination of inputs can be 
decoded in a PROM as long as sufficient input pins are provided 
since a PROM provides 2 n product terms (where n is the number 
of inputs). Another way of looking at this is that PROMs store the 
logic transfer function in a memory. The fixed AND-array (or 
AND-plane) consists fo the row and column decoders while the 
fuses in the OR-array (or OR-plane) are the bits in the memory. 
In a memory, a fuse blown versus a fuse intact distinguishes a 
HIGH from a LOW. 





P0 




P1 * 


FIXED AND 


P2 , 


PROGRAMMABLE 


PLANE 




OR PLANE 


SIZE: n x 2" 


• 
• 


SIZE: 2" x m 




P 2 n-i 





A n -1 A 2 Ai A 



n x m PROM 

2" PRODUCT TERMS. 



Qo 0.1 02 



Qm-1 



Figure 3. Block Diagram of a PROM Viewed as PLE Device. 

Notice that the PLE Provides Many (2 n , Where n is 
the Number of Inputs) Product Terms. A By-Product 
of this is Programmable Output Polarity: Either 
Active-High or Active-Low Output Polarities are 
Available 
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Due to this special characteristic of abundant product terms, 
PROMs are also often used as logic devices. In this paper, 
PROMs are referred to as PLE (Programmable Logic Element) 
devices. 

Advantages of PLE Devices 

PLE devices provide a cost-effective solution for many applica- 
tions. Here are just some of the advantages of PLE devices: 

1) Customizable Logic — The designeer is limited to standard 
functions if SSI/MSI devices are used. The designer can create 
his own logic chips using PLE devices. 

2) Design Flexibility — Modification of design is possible even 
without redesigning the PC board. For example, the address 
space of a microprocessor-based system can be reconfigured 
by merely programming a new device if the decoding is 
implemented in a PLE device. This feature comes in handy if you 
want to upgrade a system which oriqinally used 64-K Dynamic 
RAMs to now use state-of-the-art 256-K Dynamic RAMs. 

3) Reduce Errors — Errors are sometimes unavoidable and 
oftentimes quite expensive. Programmable devices make it 
easier and less expensive to correct errors. 

4) Reduction of Printed Circuit Board Space — PLE devices save 
PC board space since several SSI/MSI functions can be 
integrated into a single package. 

5) Fast Turnaround Time — With existing commercial pro- 
grammers and development software support, a prototype of the 
custom tailored PLE device will be ready in just a few minutes. 

A Great Performer/ 




PLE Applications 

PLE applications include random logic replacement, decoder/ 
encoders, code converters, custom ALUs, error detection and 
correction, look-up tables (both trigonometric and arithmetic), 
data scaling, compression arithmetic like Wallace Tree adders, 
distributed arithmetic, and residue arithmetic. 

Several levels of random logic chips can be replaced by one PLE 
logic circuit. As discussed earlier, PLE devices can implement 
logic in sum of products form. 




Despite the existence of dedicated encoders and decoders, 
many of these functions are application dependent. A standard 
3-to-8 decoder/demultiplexer (74S1 38) can be used in decoding 
applications. But the decoding scheme may require several 
3-to-8 decoder/ demultiplexers and additional SSI OR-gates. On 
the other hand, a PLE device can be customized to perform the 
required decoding function with no additional gates. Simple 
decoders, such as those used for decoding memory chip selects 
from address lines, can be implemented in a PLE device with five 
to ten inputs. More complex decoding may require eight to 
tweive inputs. 



ADDRESS BUS 



2Kx8 
SRAM 



Figure 4. PLE Address Decoding Application. The PLE Device 
Selects One of Eight 2Kx8 Static RAMs by Decoding 
Several Microprocessor Address Lines 

PLE devices also offer a very flexible solution for code conversion 
applications Translations of codes such as from ASCII to 
EBCIDIC, Binary to BCD (Binary Coded Decimal), or BCD to 
Gray code can be implemented in PLEs. The 74S1 84 Binary-to- 
BCD Converter is actually a 32x8 PROM. 
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Figure 5. Two Examples of PLE Code Converters. The Second 
Example Illustrates How to Use Two Inputs as Code 
Select Lines so that Four Converters can be Provided 
in One PLE Device 
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Standard ALUs (such as the 74S181) may not provide a very 
specailized function which a particular system requires, such as 
BCD arithmetic. In this case a PLE device is again a good alter- 
native. Although the PLE device may be slower than a dedicated 
ALU, the presence of this specialized function is critical. For 
example, a 4-bit ALU can be constructed in a PLE device with 
twelve inputs (A3-A0, B3-B0, I2-I0, Cin) and eight outputs (F3- 
F0,/G,/P, Cout, A = B). Any eight functions can be implemented. 




Figure 6. Block Diagram for a 4-Bit ALU which can be Imple- 
mented in a PLE Device 

Data scaling is another PLE device application. A dedicated 
multiplier is not required if the scaling factor is a constant; the 
prescaled result can be stored in a PLE device. Fixed-bit multi- 
pliers are typically implemented in PLE devices. 

Column compression technique (also called Wallace Tree 
Compression) is used when expanding an array of several 
smaller parallel multipliers to perform large wordlength multipli- 
cation. These smaller multipliers will generate partial products 
(intermediate results) which must be numerically summed 
according to bit significance in order to calculate the final word- 
length multiplication. Many levels of 2-input bus adders can be 
used to add these partial products, but the carry propagation 
delays may be too long. However, partial product adders imple- 
mented in PLE devices can do compression of many levels 
without passing carries. Thus, the summmation will be much 
faster. 




". . . THE 'S556, TOGETHER WITH PLES ORGANIZED IN A 
WALLACE TREE CONFIGURATION, CAN SAIL RIGHT ALONG AT THE 
RATE OF FOUR 56 X 56 MULTIPLICATIONS EVERV 
MICROSECOND ..." 

Group Code Recorder (GCR) is an encoding/decoding scheme 
used for error detection on tape. During a WRITE operation, 
each 8-bit word is divided into two 4-bit nibbles. Both nibbles are 
then encoded into 5-bit codes before being recorded onto tape. 
Both 5-bit codes are decoded back to the original 4-bit nibbles 
and then combined during a READ operation. PLE circuits are 
exceptionally useful in mapping the 4-bit data to the 5-bit code 
and back. 



GCR 
ENCODER 



PARALLEL- 
TO- 
SERIAL 
CONVERTER 



GCR 
DECODER 



SERIAL - 
TO- 
PARALLEL 
CONVERTER 



Figure 7. GCR Encoder/Decoder Block Diagram 

Exclusive-OR gates, being half adders, are very prevalent in 
Error Detection and Correction (EDC) schemes. Many SSI chips 
are required to implement this function while PLA and PAL 
devices may not provide sufficient product terms. PLE devices 
are again an ideal solution. 
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(d) 

Figure 8. Exclusive-OR Gates can be Implemented in PLE 
Very Efficiently. A 4-lnput XOR Gate (a) Maps into a 
Checkerboard Pattern in a Karnaugh Map (b) and 
Requires Eight Product Terms (c). The PLE Imple- 
mentation is Shown in (d). An 8-input XOR Gate 
Requires Sixteen Product Terms 
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In many applications, the speed of the converging series used to 
generate the trigonometric functions is too slow and the 
accuracy obtained by direct table look-up requires too much 
hardware. A good compromise between speed and hardware is 
to store an approximation to the function in a PLE device. Then 
use this approximation as a starting point for an iterative 
algorithm (such as Newton-Raphson) to obtain additional 
accuracy. High-Speed division, multiplication, and square-root 
calculations can be performed in a similar manner. 



CONVERSION 
TO RNS 



RNS 
ARITHMETIC 



± 



LOOKUP 
PLE 



MULTIPLEXER 



ITERATION 
OPERATIONS 



-CONTROL 



Figure 9. PLE Look-Up Tables and Iteration Loops can be 
Used to Generate Very Accurate Trigonometric and 
Arithmetic Functions. An Approximation to the Func- 
tion is Stored and Additional Accuracy is Gained 
Using Iteration Operations 



Distributed arithmetic is used for performing convolution oper- 
ations without using multiplier/accumulators. If the coefficients 
are constant, a look-up table for convolution can be stored in a 
PLE device, thus replacing the multiplier. 

Residue arithmetic (also called Carry-lndependant arithmetic) 
is a technique used to perform very fast integer arithmetic. High 
speed is achieved by using numbers in residue representation 
so that the sequential delay of carries on digits of higher 
significance is eliminated. A Residue Numbering System (RNS) 
is determined using an optimum moduli when designing the 
system. Conversion to and from residue representation are 
basic mapping functions which can be conveniently done in a 
PLE device. Also, since operations in residue arithmetic are 
performed using modulo addition and multiplication without 
carries, these operations can also be done using PLE devices. In 
general, residue arithmetic should only be used for integer 
arithmetic which requires intensive operations. 



REVERSE 
CONVERSION 
TO INTEGER 



INTEGER 



Figure 10. Architecture of a System Based on RNS. An Integer 
Number is Converted to RNS Representation Using 
PLE Devices, Then the RNS Arithmetic is Performed 
Using Some Other PLE Devices, and Finally the 
RNS Result is Converted Back to Integer Repre- 
sentation Again Using PLE Devices 




Restrictions 

The basic restrictions for using PLE devices to replace SSI/MSI 
parts are: 

1) Since a memory element has a product term for every com- 
bination of literals of all the input terms, static hazard is normally 
unavoidable. For example, there are 5 inputs available in a 32 x 8 
PROM. In order to generate a function like: 

f = a'b*c"d 

The actual implementation inside the PROM will be: 

f = a* b* c* d7e + a* b* c* d* e 

Ifa = b = c = d = HIGH, according to the first equation, we shall 
expect f to remain HIGH independent of e changing. In the 
actual PROM implementaton, there will be no hazard if e stays 
either HIGH or LOW. But if e changes, depending on whether e 
or /e will occur first, there exists the possibility that both product 
terms in the second equation will be LOW momentarily, which 
may cause a static logic hazard (HIGH to LOW to HIGH) for f. 
This hazard is commonly called a "glitch". Static hazards are not 
a problem for many applications, like those offered in this paper, 
but extreme care must be taken if the output of a PLE device is 
used to strobe another device. 
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Figure 11. This Truth Table Graphically Illustrates the Possible 
Glitch (HIGH to LOW to HIGH Hazard) for the 
Function f = a* b* c* d Implemented in a 32x8 PROM. 
Address OF and 1F Contain a 1 while All Other 
Locations Contain a for Output f. If Address Input e 
Should Change, the PROM Decoders Could Mo- 
mentarily Selct a Location Containing a 



2) Although PROMs are available with registered outputs, 
internal feedback from the outputs and buried registers are not 
yet available in PROMs. External connections from some 
outputs to inputs must be made for applications which require 
feedback (such as in state machines). However. Registered 
PROMs without feedback are useful for pipelining (overlap 
instruction fetch and execution) in order to increase system 
throughput. 




KL.eAS»M software support 

Monolithic Memories has developed a software tool to assist in 
designing and programming PROMs as PLE devices. This 
package, called "PLEASM" (PLE Assembler), is available for 
several computers including the VAX/VMS and IBM PC/DOS. 
PLEASM converts design equations (Boolean and arithmetic) 
into truth tables and formats compatible with PROM program- 
mers. A simulator is also provided to test a design using a 
Function Table before actually programming the PLE device. 
The PLEASM operators are listed below and the PLEASM 
catalog of operations is given on the next page. A sample PLE 
Design Specification (source code for PLEASM software) with 
PLEASM outputs is given in Figure 12. PLEASM software may 
be requested through the Monolithic Memories IdeaLogic 
Exchange. 



(in hierarchy of evaluation) 

; Comment follows 

Dot operator (pin list or arithmetic operator follows) 
ADD Address pins (Inputs) 
DAT Data pins (Outputs) 

Delimiter, separates binary bits (MSB first) 

Equality (combinatorial) 

BOOLEAN OPERATORS 

/ Complement, prefix to a pin name 

* AND (product) 

+ OR (sum) 

: + : XOR (exclusive or) 

: * : XNOR (exclusive nor) 

ARITHMETIC OPERATORS 

. * . Multiply (numeric multiplication) 
. + . Plus (numeric addition) 

Monolithic Memories PLEASM version 1.2D © copyright 1984 
Monolithic Memories 

PLEASM — PLE Assembler — provides the following options: 

C Catalog 
E Echo Input 
T Truth Table 
B Brief Table 



H Hex Table 
S Simulate 

I Intel Hex 
A ASCII Hex 

Q Quit 



— Prints the PLEASM catalog of operations 

— Prints the PLE design specifications 

— Prints the entire truth table 

— Prints only used addresses in the truth 
table 

— Prints the truth table in HEX form 

— Exercises the function table in the 
logic equations 

— Generates INTEL HEX programming 
format 

— Generates ASCII HEX programming 
format 

— Exits PLEASM 
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PLE5P8 
P5000 

BASIC GATES 

MM I SANTA CLARA, CALIFORNIA 

.ADD 10 II 12 13 14 

. DAT 01 02 03 04 05 06 07 OB 



01 




10 










02 




/io 










03 




10 




11 




12 


04 




10 




11 




12 


05 




/IO 




/II 




/I2 


06 




/IO 




/II 




/I2 


07 




10 


+ 


11 


: + 


12 


06 




10 




11 




12 



PLE DESIGN SPECIFICATION 
VINCENT COLI 10/03/82 



; BUFFER 

; INVERTER 

; AND GATE 

; OR GATE 

f NAND GATE 

; NOR GATE 

; EXCLUSIVE OR GATE 

; EXCLUSIVE NOR GATE 



FUNCTION 


TABLE 








10 11 12 


13 14 01 02 03 


04 05 06 07 08 






; INPUT 


- - OUTPUTS 


FROM BASIC GATES 






;01234 


BUF INV AND 


OR NAND NOR XOR 


XNOR 


COMMENTS 


LLLLL 


L H L 


L H H L 


L 


ALL ZEROS 


HHHHH 


a l h 


B L L H 


H 


ALL ONES 


HLHLH 


H L L 


H H L H 


H 


ODD CHECKERBOARD 


LHLHL 


L H L 


H H L L 


L 


EVEN CHECKERBOARD 



DESCRIPTION 

THIS EXAMPLE ILLUSTRATES THE USE OF PLEs TO IMPLEMENT THE BAS IC GATES : 
BUFFER, INVERTER , AND GATE, OR GATE, NAND GATE, NOR GATE, EXCLUSIVE OR 
GATE, AND EXCLUSIVE NOR GATE. 



PLEASM GENERATES THE PROM TRUTH TABLE FROM THE LOGIC EQUATIONS AND 
SIMULATES THE FUNCTION TABLE IN THE LOGIC EQUATIONS. 

Figure 1 2a. PLE Design Specification. This is the Source Code 
for PLEASM Software. PLEASM Software Gen- 
erates the Truth Table and Programming Formats 
from the Equations. PLEASM Software Also 
Exercises the Function Table in the Equation and 
Reports Errors 

BASIC GATES 

.ADD 10 II 12 13 14 

.DAT 01 02 03 04 05 06 07 OB 



. ADD 10 11 12 


13 14 




. DAT 01 02 03 


04 05 06 


07 08 


ADD HEX 


ADDRESS 


HEX DATA 





000 




32 


1 


001 


D9 


2 


002 


DA 


3 


003 


19 


4 


004 


DA 


5 


005 


19 


6 


006 


LA 


7 


007 


D9 


8 


008 


DA 


9 


009 


19 


10 


OOA 


1A 


11 


00B 


D9 


12 


OOC 


1A 


13 


OOD 


D9 


14 


00E 


DA 


15 


OOF 


19 


16 


010 


DA 


17 


Oil 


19 








19 


013 


D9 


20 


014 


1A 


21 


015 


D9 


22 


016 


DA 


23 


017 


19 


24 


018 


1A 


25 


019 


D9 


2* 


01A 


DA 


27 


01B 


19 


28 


01C 


DA 


29 


01D 


19 


30 


01E 


1A 


31 


OIF 


CD 



HEX CHECK SUM = 00F3C 

Figure 12c. Hex Table. PLEASM Software Generates This 
Truth Table in Hexadecimal Form for Verification 
of Locations in the PLE 



32 D9 DA 19 DA 19 1A D9 DA 19 LA D9 LA D9 DA 19 . 
DA 19 1A D9 1AD9 DA 19 LA D9 DA 19 DA 19 LA CD . 
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Figure 12d. ASCII Hex Programming Format. PLEASM Soft- 
ware Generates this ASCII Hex Programming 
Format with Hex Check Sum. Control Characters 
are Included so that the Information can be Down- 
Loaded Directly to a PROM Programmer 



:1000000032D9DA19DA191AD9DA191AD91M>9DA1940 
:10001000DM91AD91AD9DM91AD9DA19DA191ACD54 
:00000001FF 



Figure 12e. Intel Hex Programming Format. PLEASM Soft- 
ware Generates this Intel Hex Programming 
Format with a Hex Check Sum Following Every 
16 Bytes of Data 



HEX CHECK SUM 



Figure 12b. Truth Table. PLEASM Software Generates This 
Truth Table which can be Used for Verifying Your 
Design 
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PLE Family 

Monolithic Memories carries a family of fast PROMs which can 
be used as Memory or PLE devices. Since the critical parameter 
for logic applications is speed, our series of fast PROMs have 

PLE Selection Guide 



worst-case memory access times (or propagation delays) rang- 
ing from 15 nsfor small PROMs to 40 ns for large PROMs The 
Logic Symbols for four of the PLE devices are given in Figure 1 3 
and a summary of the PLE family is given below: 



PART 

Ml IMRPD 


INPUTS 


OUTPUTS 


PRODUCT 
TERMS 


OUTPUT 

Dcr ictcdc 
rfculo 1 Cno 


tpc (ns) 
MAX* 


PLE5P8 


5 


8 32 




25 


PLE5P8A 


5 


Q 


32 




15 


PLE8P4 


8 


4 






30 


PLE8P8 


8 


D 

o 






28 


PLE9P4 


9 


4 


512 




35 


PLE9P8 


9 


8 


512 




30 


PLE10P4 


10 


4 


1024 




35 


PLE10P8 


10 


8 


1024 




35f 


PLE11P4 


11 


4 


2048 




35 


PLE11P8 


11 


8 


2048 




35 


PLE12P4 


12 


4 


4096 




35 


PLE12P8 


12 


8 


4096 




40 


PLE9R8 


9 


8 


512 


8 


15 


PLE10R8 


10 


8 


1024 


8 


15 


PLE11RA8 


11 


8 


2048 


8 


15 


PLE11RS8 


11 


8 


2048 


8 


15 



*Clock to output time for registered outputs 
t Preliminary data. 
NOTE: Commercial limits specified. 
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Summary 

There are many interesting applications for high-speed PROMs 
used as PLE devices. A software package called "PLEASM" 
software is available as a development tool. 
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As the use of PAL® and PLE devices (PROMs) increases, the 
need for high-level design tools becomes necessary. Designers 
need easier, faster, and more efficient ways to design with such 
programmable devices. With the more complex devices currently 
being introduced to the market, this need is even greater. 
Additionally, a designer should be able to specify logic designs 
in a way that makes sense in engineering terms; he or she should 
not have to learn a new way of thinking about designs. 

ABEL 1 ", a complete logic design tool for PAL devices, PLE 
devices and FPLA devices meets these requirements. ABEL™ 
incorporates a high-level design language and a set of software 
programs that process logic designs to give correct and efficient 



The ABEL™ design language offers structures familiar to 
designers: state diagrams, truth tables, and Boolean 
equations. The designer can choose any of these structures 
or combine them to describe a design. Macros and 
directives are also available to simplify complex designs. 

The ABEL™ software programs process designs described 
with the high-level language. Processing includes syntax 
checking, automatic logic reduction, automatic design 
simulation, verification that a given design can be 
implemented in a chosen device, and automatic generation 
of design documentation. 

To use ABEL™, the designer uses an editor to create a 
source file containing an ABEL™ design description. He 
then processes the source file with the ABEL™ software 
programs to produce a programmer load file. The 
programmer load file is used by logic and PLE programmers 
to program devices. Several programmer load file formats 
are supported by ABEL™ so that different programmers may 
be used. 

The source file created by the designer must contain test 
vectors if simulation is to be performed. Test vectors 
describe the desired (expected) input-to-output function of 
the design in a truth table format. The ABEL™ simulator 
applies the inputs contained in the test vectors to the design 
and checks the obtained outputs against the expected 
outputs in the vectors. If the outputs obtained during 
simulation do not match those specified in the test vectors, 
an error is reported. 

Following are two designs described in the ABEL'" design 
language. These designs would be processed to verify their 
correctness and to reduce the number of terms required to 
implement them. The first design is for a PAL device, the second 
for a PLE logic circuit. 

ABEL" is a trademark of DATA I/O. 



6809 MEMORY ADDRESS DECODER 

Address decoding is a typical application of programmable 
logic devices, and the following describes the ABEL™ 
implementation of such a design. 




FFFF F8W F000 E800 E00C 
Figure 1 . Block Diagram: 6809 Memory Address Decoder 

Design Specification 

Figure 1 shows a block diagram for the design and a 
continuous block of memory divided into sections 
containing dynamic RAM (DRAM), I/O (/O), and two sections 
of ROM (ROM1 and ROM2). The purpose of this decoder is 
to monitor the six high-order bits (A15-A10) of a sixteen-bit 
address bus and select the correct section of memory based 
on the value of these address bits. To perform this function, 
a simple decoder with six inputs and four outputs is 
designed with a 14L4 PAL device. 

Table 1 shows the address ranges associated with each 
section of memory. These address ranges can also be seen 
in figure 1. 



Address - 



Figure 2. Simplified Block Diagram: 6809 Memory Address 
Decoder 



Design Method 

Figure 2 shows a simplified block diagram for the address 
decoder. The address decoder is implemented with simple 
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smipimcauon is <JcTTlS"ve<5'by g>oObrng me a&are^s diis into - 
a set named Address. The lower-order ten address bits that 
are not used for the address decode are given "don't care" 
values in the address set. In this way, the designer indicates 
that the address in the overall design (that beyond the 
decoder) contains sixteen bits, but that bits 0-9 do not affect 
the decode of that address. This is opposed to simply 
defining the set as, Address = [A15,A14,A13,A12,A11,A10], 
which ignores the existence of the lower-order bits. 
Specifying all 16 address lines as members of the address 
set also allows full 16-bit comparisons of the address value 
against the ranges shown in table 1. 

Test Vectors 

In this design, the test vectors are a straightforward listing 
of the values that must appear on the output lines for 
specific address values. The address values are specified 
in hexadecimal notation on the left side of the "->"" 
symbol. Input to a design always appear on the left side 



DRAM 
I/O 

ROM2 
ROM1 



0000-DFFF 
E000-E7FF 
F000-F7FF 
F800-FFFF 



Table 1. Address Ranges for 6809 Controller 



of the test vectors. The expected outputs are specified to 
the right of the "->" symbol. The designer chose in this case 
to use the symbols H and L instead of the binary values 1 
and to describe the outputs. The correspondence between 
the symbols and the binary values was defined in the 
constant declaration section of the source file, just above 
the section labeled equations. 



module m6809a 

title '6809 memory decode 

Jean Designer Data I/O Corp Redmond WA 



£4 Feb 1984' 



U09 device ' P14L4' ; 

A15, 014, A13, Al£, Al 1, RIO pin 1,2,3,4,5,6; 
ROM1 , 10, ROM£, DRAM pin 14,15,16,17; 



H, L, X 
Address 

equat ions 

! DROM 

! 10 

1 ROME 

! ROM 1 



1,0, . X. ; 

CR15, A14, R13, Al£, R11,R10,X,X, X, X, X, X, X, X, X, X] ; 



(Address <= ' hDFFF) ; 

(Address >= "hEOOO) & (Address <= •"hE7FF) ; 
(Address >= "hFOOO) « (Address <= •'"hF7FF> ; 
(Address > = hFSOO) ; 



test_vectors (Address 



CR0M1, ROME, 10, DRAMD ) 



-hOOOO - 


> C 


H, 


H, 


H, 


L 


] 


h4000 - 


> C 


H, 


H, 


H, 


L 


: 


•'"h8000 - 


> c 


H, 


H, 


H, 


L 


D 


-hCOOO 


> c 


M, 


H, 


H, 


L 


] 


•'hEOOO - 


> c 


H, 


H, 


L, 


H 


i 


■"■hEBOO - 


> c 


H, 


H, 


H, 


H 


3 


■""hFOOO - 


> c 


H, 


L, 


H, 


H 


3 


"-'hFSOO - 


> c 


L, 


H, 


H, 


H 


3 



end m6809a 



Figure 3. Source File: 6809 Memory Address Decoder 
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Seven-Segment Display Decoder 

This display decoder decodes a four-bit binary number to 
display the decimal equivalent on a seven-segment LED 
display. The design incorporates the ABEL™ truth table 
format and is implemented on a RA5P8 PLE. 



D0 ■ 
D1 - 
D2- 
D3- 




Figure 4. Block Diagram: Seven-Segment Display Decoder 
Design Specification 

Figure 4 shows a block diagram for the decoder design and 
a drawing of the display with each of the seven segments 
labeled to correspond to the decoder outputs. To light up 
any one of the segments, the corresponding line must be 
driven low. Four input lines D0-D3 are decoded to drive the 
correct output lines. The outputs are named a, b, c, d, e, 
f, and g corresponding to the display segments. All outputs 
are active low. An enable, ena, is provided. When ena is low, 
the decoder is enabled; when ena is high, all outputs are 
driven to high impedance. 



bcd- 



Figure S. Simplified Block Diagram: Seven-Segment Display 
Decoder 

Design Method 

Figures 5 and 6 show the simplified block diagram and the 
source file for the ABEL™ implementation of the display 
decoder. The FLAG statement is used to make sure that the 
programmer load file is in the Motorola Exorciser format. 
The binary inputs and the decoded outputs are grouped into 
the sets bed and led to simplify notation. The constants ON 




and OFF are declared so that the design can be described 
in terms of turning a segment on or off. To turn a segment 
on, the appropriate line must be driven low, thus ON is 
declared as and OFF as 1. 

The design is described in two sections: an equations 
section and a truth table section. The decoding function is 
described with a truth table that specifies the outputs 
required for each combination of inputs. The first line of the 
truth table (the truth table header) names the inputs and 
outputs. In this example, the inputs are contained in the set 
named bed and the outputs are in led. The body of the truth 
table defines the input-to-output function. Because the 
design decodes a number to a seven-segment display, 
values for bed are expressed as decimal numbers, and 
values for led are expressed with the constants ON and OFF 
that were defined in the declarations section of the source 
file. This makes the truth table easy to read and understand; 
the incoming value is a number and the outputs are on and 
off signals to the LED. 

The input and output values could have just as easily been 
described in another form. Take for example the line in the 
truth table: 

5 -> [ON,OFF,ON,ON,OFF,ON,ON] 
This could have been written in the equivalent form: 

[0,1,0,1] - > 36 
In this second form, 5 was expressed as a set containing 
binary values, and the LED set was converted to decimal. 
(Remember that OA/was defined as and OFF was defined 
as 1.) Either of the two forms is valid, but the first is more 
appropriate for this design. The first form can be read as, 
"the number five turns on the first segment, turns off the 
second,..." whereas the second form cannot be so easily 
translated into terms meaningful for this design. 

Test Vectors 

The test vectors for this design test the decoder outputs 
for the ten valid combinations of input bits. The enable is 
also tested by setting ena high for the different 
combinations. All outputs should be at high impedance 
whenever ena is high. If they are not, an error has occurred. 



Summary 

Two designs described with the ABEL'" design language have 
been shown. The first design shows how Boolean equations with 
logical and relational operators are used to describe an address 
decoder. The second design shows how a truth table describes a 
seven-segment display decoder design for a PLE logic circuit. In 
both designs, test vectors were written to test the function of the 
design using ABEL™'s simulator. In addition to the Boolean 
equations and truth table shown in these examples, ABEL'" 
features a state diagram structure. The state diagram allows the 
designer to fully describe state machines in terms of their states 
and state transitions. 



Regardless of the method used to describe logic, ABEL™'s 
automatic logic reduction and simulation ensure that the 
design uses as few terms as possible and that it operates 
as the designer intended. The end results are savings in 
time, devices, board space, and money. 
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module bcd7rorn flag ' -d8£' 
title 'seven segment display decoder- 
Data I/O Corp Redmond Wfi 16 Mar* 1984' 
a 

BCD-to-seven-segment decoder similar to the 7449 

f 1 g ! b 

segment identification 

eld tc 

i ! : : i : i : ( tut! 



U6 



device ' RR5P8' 



D3, D2, Dl, DO 
a, b, c, d, e, f , g 
ena 



bed 
led 



pin 10, 11, 1£, 13; 
pin 1,2,3,4,5,6,7; 
pin 15; 



= CD3, D£, Dl , DO] ; 
= Ca, b, c, d, e, f , g3 



ON, OFF 
L,H, X, Z 



0, 1; 

0,1,.X.,.Z. ; 



" for common anode LEDs 



truth_table (bed -> led) 



" input 










ut puts 






it 




a 


b 


c 


d 


e 


f 


g 


-> 


C 


ON, 


ON, 


ON, 


ON, 


ON, 


ON, 


OFFD ; 


1 -> 


COFF, 


ON, 


ON, 


OFF, 


OFF, 


OFF, 


OFF 3 ; 




C 


ON, 


ON, 


OFF, 


ON, 


ON, 


OFF, 


OND ; 


3 -> 


C 


ON, 


ON, 


ON, 


ON, 


OFF, 


OFF, 


OND ; 


4 -> 


COFF, 


ON, 


ON, 


OFF, 


OFF, 


ON, 


OND ; 


5 -> 


C 


ON, 


OFF, 


ON, 


ON, 


OFF, 


ON, 


OND ; 


6 -> 


c 


ON, 


OFF, 


ON, 


ON, 


ON, 


ON, 


ON 3 ; 


7 -> 


c 


ON, 


ON, 


ON, 


OFF, 


OFF, 


OFF, 


0FF3 ; 


8 -> 


c 


ON, 


ON, 


ON, 


ON, 


ON, 


ON, 


0N3 ; 


9 -> 


c 


ON, 


ON, 


ON, 


ON, 


OFF, 


ON, 


0N3 ; 


t est _ vectors 


< Cena, bcdD - 


> led) 








" inputs 








out puts 










a 


b 


c 


d 


e 


f 


g 


CL, ID -> 


COFF, 


ON, 


ON, 


OFF, 


OFF, 


OFF, 


0FF3 ; 


CL, £3 -> 


c 


ON, 


ON, 


OFF, 


ON, 


ON, 


OFF, 


0N3 ; 


CL, 3D -> 


c 


ON, 


ON, 


ON, 


ON, 


OFF, 


OFF, 


0N3 ; 


CL, 4D -> 


COFF, 


ON, 


ON, 


OFF, 


OFF, 


ON, 


0N3 ; 


CL, 5D -> 


C 


ON, 


OFF, 


ON, 


ON, 


OFF, 


ON, 


0N3 ; 


CL,6D -> 


c 


ON, 


OFF, 


ON, 


ON, 


ON, 


ON, 


0N3 ; 


CL, 7D -> 


c 


ON, 


□N, 


ON, 


OFF, 


OFF, 


OFF, 


0FF3 ; 


CL, 8D -> 


c 


ON, 


ON, 


ON, 


ON, 


ON, 


ON, 


0N3 ; 


CL,9D -> 


c 


ON, 


ON, 


ON, 


ON, 


OFF, 


ON, 


0N3 ; 


CL, OD -> 


c 


ON, 


ON, 


ON, 


ON, 


ON, 


ON, 


0FF3 ; 


CH, 5D -> 


c 


z, 


z, 


z, 


z, 


z, 


z, 


Z3 ; 


CH, 93 -> 


c 


z, 


z, 


z, 


z, 


z, 


z, 


Z3 ; 


CH, OD -> 


c 


z, 


z, 


z, 


z, 


z, 


z, 


Z3 ; 



end 



bed7rom 



Figure 6. Source File: Seven-Segment Display Decoder 
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CUPL 



tm The Universal Compiler 

For 

Programmable Logic 



CUPL is the first software CAD tool designed especially for the support 
of all programmable logic devices (PLDs) , including PALs and PROMs. It 
was developed specifically for YOU, the Hardware Design Engineer. Each 
feature of the CUPL language has been chosen to make using programmable 
logic easier and faster than conventional TTL logic design. 

MAJOR FEATURES OZ CJ1EL 

1. UNIVERSAL 

a. PRODUCT SUPPORT: CUPL supports products from every 
manufacturer of programmable logic. With CUPL you are free to 
use not only PALS, but also other programmable logic devices. 

b. PALASM CONVERSIONS: CUPL has a PALASM to CUPL language 
translator which allows for an easy conversion from your 
previous PALASM designs to CUPL. 

c. LOGIC PROGRAMMER COMPATIBILITY: CUPL produces a standard JEDEC 
download file and is compatible with any logic programmer that 
uses JEDEC files. 

2. HIGH LEVEL LANGUAGE 

High Level Language means that the software has features that allow you 
to work in terms that are more like the way you think than like the 
final PLD programming pattern. Examples of these are: 

a. FLEXIBLE INPUT: CUPL gives the engineer complete freedom in 
entering logic descriptions for their design: 

- EQUATIONS 

- TRUTH TABLES 

- STATE MACHINE SYNTAX 

b. EXPRESSION SUBSTITUTION: This allows you to pick a name for an 
equation and then, rather than write the equation each time it 
is used, you need only use the name. CUPL will properly 
substitute the equation during the compile process. 



ASSISTED TECHNOLOGY 

2381 Zanker Rd., Suite 150, San Jose, CA 95131 (408) 942-8787 

9-73 



CUPL™ Universal Compiler for Programmable Logic 



SHORTHAND FEATURES: Instead of writing out fully expanded 
equations CUPL provides various shorthand capabilities such as: 

- LIST NOTATION: Rather than [A7 ,A6 ,A5 ,A4 ,A3 ,A2 ,A1 ,A0 ] 

CUPL only requires [A7..0] 

- BIT FIELDS: A group of bits may be assigned to a name, 
asin FIELD ADDR = [A7..0] 

Then ADDR may be used in other expressions 

- RANGE FUNCTION: Rather than A15 & !A14 # 

A15 & A14 & !A13 # 
A15 & A14 & A13 & !A12 
CUPL only requires ADDR: [ 8000 .. EFFF] 

- THE DISTRIBUT I VEPROPERTY : 

From Boolean Algebra, where A & (B # C) 
is replaced by A&B#A&C 

- DeMORGAN'S THEOREM: 

From Boolean Algebra, where ! (A & B) 
is replaced by !A # !B 



3. SELF DOCUMENTING 



CUPL provides a template file which provides a standard "f il 1-in-the- 
blanks" documentation system that is uniform among all CUPL users. Also, 
CUPL allows for free form comments through out your work so there can be 
detailed explanations included in each part of the project. 



ERROR CHECKING 



CUPL includes a comprehensive error checking capability with detailed 
error messages designed to lead you to the source of the problem. 

5. LOGIC REDUCTION 



CUPL contains the fastest and most powerful minimizer offered for 
Programmable Logic equation reduction. The minimizer allows the choice 
of various levels of minimization ranging from just fitting into the 
target device to the absolute minimum. 

6. SIMULATION 

With CSIM, the CUPL Simulator, you can simulate your logic prior to 
programming an actual device. Not only can this save devices but it can 
help in debugging a system level problem. 
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7. TEST VECTOR GENERATION 

Once the stimulus/response function table information has been entered 
into the simulator, CSIM will verify the associated test vectors and 
append them to the JEDEC file for downloading to the logic programmer. 
The programmer will verify not only the fuse map, but also the 
functionality of the PLD, giving you added confidence in the operation 
of your custom part. 

8. EXPANDABILITY 

CUPL is designed for growth so as new PALs and other devices are 
introduced you will be kept current with updated device libraries and 
product enhancements. 

DESIGN EXAMPLE USING CUPL 

In the following design example, a single PAL (or PROM) is used to 
replace four TTL packages on the interface card for an IBM-PC computer. 
The Prototype I/O Channel Interface Card, as supplied by IBM, uses four 
SSI packages to decode the ten bit I/O address and control the direction 
and enable for the bus buffer on the PCB. The PAL approach conserves 
real estate and also adds flexibility to decode not only the pre- 
assigned address, but the ability to change the board address to any 
location in the I/O map by merely replacing the programmable device. 

1. CIRCUIT OPERATION 

The inputs to the decoding logic are the expansion bus addresses AO thru 
A9. The logic compares the address on the expansion bus and asserts the 
"IO_DECODE" signal when the correct address range of 3F0-3FF is seen. 
In addition, the "ENABLE" signal is also asserted if either the I/O READ 
or I/O WRITE signals are active during this time. The READ signal, 
which controls the direction of the data bus buffer, is asserted 
whenever I/O READ is active and AEN, the DMA Address enable signal is 
inactive. The AEN signal is negated when the microprocessor has control 
of the address bus and is generating an I/O cycle. 



First, all device pins are assigned in the logic description file (see 
figure 1) using CUPL's pin declaration statements. Note the use of 
indexed variables for the address bus allows a simple assignment for 
pins 1 thru 8. The active polarity for input and output pins are made 
in these declarations, so the designer need only be concerned with the 
logic instead of voltage levels. 

The address bus is assigned a name using the FIELD statement. This lets 
the designer then describe the desired address range with the single 
equation: 

range = ioadr : [300 . .31F] ; 
instead of the difficult to understand 



range 



a9 & a8 & !a7 & !a6 & !a5 



This range expression is then used in the output equation for IO_DECODE 
and ENABLE. Since ENABLE may be asserted whenever IOR or IOW are true, 
the intermediate variable IOREQ is created to define this condition. 
The resultant CUPL equation for ENABLE is simply 

enable = range & ioreq ; 

Finally, the READ signal is created using the active IOR and the 
inactive AEN signals as follows: 

read = ior & !aen ; 



Note that for a device such as the PAL16L8 which has a fixed inverting 
buffer on all of its output pins, CUPL will automatically convert the 
logic equations when an output is desired to be active-level HI, as with 
the READ output above. 



3. CUPL OUTPUT FILES 

CUPL will create a standard JEDEC output file which is compatible with 
most logic programmers. A simple serial download link is all that is 
usually required to transfer the fuse information to the programmer. In 
addition, CUPL generates an extensive documentation file which assists 
the designer in analyzing his/her design. Figure 2 shows a small 
section of this file, illustrating such features as pin and variable 
names, product term utilization, and other information. 
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PARTNO P90001S34 ; 

NAME PCIO ; 

DOTE 0S/14/85 ; 

REV 01 ; 

DESIGNER Kahl/Osann ; 

COMPANY Assisted Technology ; 

ASSEMBLY PC Proto Board ; 

LOCATION U£ ; 

/*****#******»******#*********#*********♦**»***»*#*♦** 

/* This device provides a one— chip I/O interface for an equivalent */ 

/* of the IBM— PC proto board. This logic description may be placed */ 

/* in either a PROM or PAL without alteration. */ 
/*»»*»***»*»******************•****** ******»***************•***********/ 

/* Allowable Target Device Types : PAL — > PAL 1 6L8 , PALI BPS */ 

/* PROM-> PLE1SP4 */ 
/**»******************♦** *****»****»»*******^ 

/*« Inputs **/ 



PIN CI. 

PIN 9 

PIN 17 

PIN 18 



83 



PIN IS 
PIN 13 
PIN ik 



CaE. . 

a en 
! ior 
! iow 



31 



/** Outputs ■*•*/ 



= read 

= ! enable 

= ! io decode 



/* CPU Address bits thru 9 */ 

/* DMA Address Enable */ 

/* I/O Read Strobe (active LO) 

/* I/O Write Strobe (active LO) 



*/ 
*/ 



/* Direction Control For Bus Buffer »/ 
/* Enable For Bus Buffer ■*/ 

/* Decoded I/O Strobe for On Board Use */ 



/** Declarations and Intermediate Variable Definitions **/ 
field ioadr = CaS. . £1 ; /* Name the I/O Address Bus "ioadr" */ 
ioreq = ior # iow ; /* Define I/O Request */ 

range ■ ioadr : C300. . 31F1 &■ ! aen ; /* Decoded I/O Address Range and */ 

/* not DMA cycle */ 

/** Logic Equations **/ 
enable = range &■ ioreq ; 
io_decode = range ; 
read = ior 8- ! aen ; 

/* Change the intermediate variable "range" for other I/O Locations */ 



Figure 1. 
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CUPL 

Device 

Part no 

Name 

Revision 

Date 

Desi gnet- 
Company 
Assembly 
Locat i on 



£. 0i±a 

pl&18 DLIB-c-18-5 

P90001£34 

PCIO 

01 

0£/ 14/85 
Kahl/Osann 
Assisted Technology 
PC Proto Board 
U£ 









Symbo 1 


Table 






======= 


===================== 


:=ssa 


========= 


= 


=============== 
















Pol 


Name Ext 




Pin 


Type 


Used 


Max 




a£ 




1 


V 




_ 




a3 






V 




_ 




a4 




3 


V 




- 




a5 




4 


V 








a6 




5 


V 








a i 




e 

o 


V 












■7 


V 








a zf 




8 


V 








aen 




9 


V 






1 


enable 




13 


V 


£ 




1 


io_decode 




14 


v 


1 


7 




ioadr 







F 








ior 




17 


V 








ioreq 







I 


£ 




1 


iow 




18 


V 








range 







I 


1 






read 




1£ 


V 


£ 


7 




enable oe 




13 


D 


1 






io_deeode oe 




14 


D 


1 






ior oe 




17 


D 


1 






i ow oe 




18 


D 


1 






read oe 




1£ 


D 


1 




LEGEND 


D : default var 


F 


: field 


I : 


intermediate var 




U : undefined 


V 


: var 


X : 


extended 


var 




N : node 


M 


: extended node 







Figure 2. 
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CUPL-GTS 

DRAW LOGIC SCHEMATICS FOR PAL DESIGNS! 



In recent years, programs like CUPL and ABEL have become 
available to provide high level language support for PAL designs. 
These languages allow the designer to represent a PAL function in 
terms of high-level equations, truth tables or state machines. 
All of these logic description formats are non-graphical in 
nature and require a good working knowledge of the computer they 
run on. 

Many hardware designers, however, are most comfortable with the 
traditional logic schematic and have historically had little 
reason to use a computer in the design process. Use of a high- 
level PAL design language presents most of us with a variety of 
simultaneous unknowns: 

1. The computer and its operating system. 

2. The full screen editor necessary to create the logic 
description file. 

3. The logic compiler or assembler language syntax. 

4. Boolean algebra theory. 

5. PAL architectures. 

Where this combination places an unnecessary burden on the 
designer, an alternative is now available. 

CUPL-GTS is a powerful combination of hardware and software which 
turns an IBM-PC type computer into a programmable logic 
workstation which allows the user to draw logic schematics for 
the function of a PAL. A basic premise in creating CUPL-GTS was 
to provide a friendly environment where the user is isolated from 
the traditional keyboard as much as possible. To this end, 
virtually all functions can be actuated with one button by way of 
the mouse and a series of pop-up menus which ease the user's 
task. An area is provided at the top of the CUPL-GTS screen for 
prompting the user regarding the next operation in a command 
sequence. Highlighting of various elements on the screen is 
coordinated with these prompts to enhance their effectiveness. 
For the most part, the user need only utilize the conventional 
keyboard for defining symbolic names for wires, pins, objects, 
and files. 

An on-screen HELP facility is provided to aid the user with CUPL- 
GTS commands. In addition to the basic set of object types which 
can be easily picked from a pop-up menu, the ability to call up 
macro-objects is also provided. These macro-objects have been 
previously drawn using CUPL-GTS and stored away on the disk under 
their own symbolic name. 
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After a logic schematic has been entered, the user may quickly 
check to see if the design fits in a specific PAL. This is done 
by selecting the "Translate to PLD" command from the main menu 
which automatically invokes the GTS translation programs. These 
programs run in an on-screen window which overlays the graphical 
information, providing feedback in the form of error messages 
displayed in this window. Following the automatic execution of 
these programs, the cursor is returned to the user who can then 
continue to work in the graphics environment without ever having 
fully left. In this way many errors can be quickly determined 
and remedied without ever having to let go of the mouse. 

When the user wishes a hard copy version of a design, the print 
command from the main menu may be selected. This causes the GTS 
print program to execute in an on-screen window according to the 
printer configuration file (PRINTCAP) which is stored on the 
disk. The PRINTCAP file allows the user to configure the GTS 
print function for any dot matrix printer they might have. 

Often a logic description not fit in a particular PAL due to a 
logic capacity (product-term) limitation. When this occurs, the 
universal capability of CUPL-GTS will easily allow the user to 
try placing this same logic in a different PAL of similar 
architecture. 



Since CUPL-GTS incorporates CUPL the high level language in its 
internal operation, it also benefits from CUPL's powerful "Quine 
Procedure" logic minimizer. This is especially advantageous for 
CUPL-GTS as logic descriptions showing many levels of gates can 
be very deceptive in their ability to consume the logic 
capacity of a PAL. The presence of the logic minimizer can 
eliminate unnecessary and redundant logical functions, and 
maximizes the probability that a design will fit in a target PAL. 

Also included with CUPL-GTS is the CUPL simulator, CSIM, which 
allows the user to simulate a logic design prior to physically 
creating a programmed PAL. Not only can this save devices, but 
it can help significantly in debugging a system level problem. 

CUPL-GTS is desinged for growth and expandability. As new 
programmable logic devices are introduced users will be kept 
current with updated device libraries and product enhancements. 

Most of us first use PAL devices to replace TTL in order to 
shrink a design and/or add functionality. The following example 
shows how the simple I/O decoder design previously discussed 
would appear on the CUPL-GTS screen prior to translation to a 
PAL16L8, PAL16P8 or PLE12P4. 
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